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About Me

Fangzhou Xia

= School
— University of Michigan, Ann Arbor (UM)
— Shanghai Jiao Tong University, China (SJTU)

= Dual Degree

— Mechanical Engineering, B.S.E. (UM)
— Electrical and Computer Engineering, B.S.E. (SJTU)

= Expected Graduation Date
— May, 2015
— August, 2015
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Project List
= Volumetric Prover Software Redesign
= Experiment Data Processing Automation
= Single Injector Tester Concept Proof

= OIl Prover Software Migration
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Volumetric Prover Software Redesign
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— Well-tested software {

= Problem ldentification =
— Software outdated (15 years) _
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Original Volumetric Prover Software

— Possible operational error
due to user interface

— Insufficient test capability @. Vieters Under Test
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'SOIUthn LowFIo \\/ U @

High Flow

— Redesign Volumetric Prover  original System Concept Diagram
software using LabVIEW e Fuel
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Volumetric Prover Software Redesign

= Target Hardware Setup
— 2 pressure sensors and 2 temperature sensors
— 4 reference meters and up to 8 auxiliary meters

Reference Meters Auxiliary Meters Under Test
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Volumetric Prover Software Redesign

= Task Completion
— Fully developed user interface for data processing

— Adapted FPGA code for standard data acquisition
— Electrically tested hardware connection

ndix A.3 Delete Existing Meter

— Developer operator documentatlon
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Volumetric Prover Software Redesign

= Major Improvements

— User friendly interface with drop down list for test
configurations reducing operational error

— Increased test capability with 8 channels

(@ Volumetric Prover

— Real time measurement display for monitoring purpose

(3@ Volumetnc Prover.
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Welcome to Universal Flow Bench. User settings OK.

Test Configurations Test View e Fuel
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Experiment Data Processing Automation

= Problem ldentification e L M W W

i
2 | FF132215027] 18.00.2013 06:46:46  103.55 1200.368 600.1087 493.0101
3 | FF132215027] 18.09.2013 06:46:46  104.11 1199.902 600.0997 505.6552
- - 4| FF132215027] 18.09.2013 06:46:46  103.89 1199.327 600.0472 508.5698
— Experiment data for different s Frsisofaosanisoosee 1035 tisoses swooase sizes
6 | FF132205372] 18.00.2013 06:48:20  103.76 1199.606 600.0124 493.0101
. h 7 | FF132215049] 18.09.2013 06:49:59  103.1 1200.062 600.0209 505.6552
mete rS are mlxed tog et er 8 | Fr132215052] 18.00.2013 06:51:18  103.89 1199.622 600.0226 508.5698
9 | Fr132215056] 18.09.2013 06:52:50  103.4  1199.7 599.8313 512.652
10§ FF132215062] 18.09.2013 06:54:22  103.91 1199.997 600.1307 508.2286
. . 11| FF132215074) 18.09.2013 06:56:13  101.69 1200.368 599.7836 528.4424
—_— M an ual Iy generatl ng m u Itl ple 12| FF132215086] 18.09.2013 06:57:41  103.54 1199.902 600.1587 521.3388
13| FL132215027] 18.09.2013 07:04:32  101.45 1199.327 599.9922 503.3595
. . . - 14f FL132205372] 18.09.2013 07:05:55  104.04 1199.948 599.9715 494.5811
ra hS In Excel IS IneffICIent 15§ FL132215049] 18.09.2013 07:07:22  103.89 1199.606 600.1087 507.1052
16§ FL132215052] 18.09.2013 07:08:49  104.42 1200.062 600.0997 509.2353
17] FL132215056] 18.09.2013 07:10:19  103.62 1199.622 600.0472 514.0179

-

8 FL132215062f 18.09.2013 07:11:25 104.45 1199.7 600.0257 509.9074
FL132215074f 18.09.2013 07:12:39  103.71 1199.922 600.349 531.7236
FL132215086f 18.09.2013 07:14:03  103.66 1199.318 599.9357 524.2227

N
o W0

= Solution

— Write VBA Code to SeIeCt data 24§ FB132215052§ 18.09.2013 07:19:45 103.9 1199.572 599.8618 509.2022
25/ FB132215056§ 18.09.2013 07:21:09  103.97 1199.256 599.9675 513.0915

. . 26f FB1322150624 18.09.2013 07:22:35 103.55 1199.761 599.9193 508.1359

fro m m u Itl Ie fl Ies 27| FB1322150744 18.09.2013 07:23:57 104.11 1199.648 599.9395 529.2034

p 28] FB132215086§ 18.09.2013 07:25:10  103.89 1200.175 599.8613 522.4238

29§/ FR132215027) 18.09.2013 07:27:10 103.5 1199.687 600.001 502.548

30f FR1322053724 18.09.2013 07:28:55 103.76 1200.115 599.9236 495.2854

— Automate graph generation e
: .csv File with Multiple Meters
process using VBA

21§ FB132215027] 18.09.2013 07:15:40  103.83 1199.441 599.9428 502.165
22| FB1322053724 18.09.2013 07:17:07 104.08 1199.653 599.8557 492.903
23§ FB132215049) 18.09.2013 07:18:26  103.64 1199.816 599.9995 505.8741
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Experiment Data Processing Automation

= Task Completion

— Data selection based on user input with step-by-step
Instructions and configuration memory

— Automated graph generation with control limits shown

A B c D E F G

H I J K L M N 0
1 Folder:  C:\Users\ML619\Desktop\Macro" Serial Colurmn #
[ Fuet Supply Pres =] Fuel supply pressuf Fuel Counter Pressur ~| >

Plot All Points -
Ref: Ref Y_Min Y_Max

3
2

5 = Manual

6 || FF132215027 > 1 20 180 Auto

7| Plot number of points

8

9 | Fr132205372 7] Points: 2 éi m 2 Auto 150
10

P Q R 250

11

1

14
15
16
17
18 Step 1. Speicfy data folder here.

Step 2. Specify the serial number column

—+—Fuel Counter Pressure [psi]

Fuel Counter Pressure [psi]

19 || C:\Users\ML619\Desktop\Macro\Macro\TestDa -
20 Step 3. Click on Import Data

21 Step 4. Speify data points to plot
» et Note: O will plot all data points, an integer number "N" will 0

5 plot the number of latest "N" points or all available latest 0 200 400 600 800 1000 1200 1400
o Clear Path List points if the total number of points available is less than N
25 Step 5. Specify the Xaxis and Y Axis
3% Step 6. clifk to pllm data poir?ls 5 50 |
Plot All Points will plot all available points (equivalent to set
£f Points: number to 0.
28| Step 7. View the plots and selec to control the Y axis range.
29
30 -100 -
31 Fuel Supply Pressure [psi]
32

= = 132215049 Charty) [FF132215049) FF132205372_Chart | FF132205372 | FF132215027 Chart |EEISZ2SORN

Data Selection User Interface Data Plotting with Control Limits
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Single Injector Tester Concept Proof

= |nitial Status

r 5
e omides meCpE vl Mammare b
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Time: 11:59:08 ® Yi-Chamnel! B Y3-Channel3 Clemrel? 100 10000
Part:  UNIVERSAL_ACTUATOR_TEST_BENCH Chamel3 00 100
.
— Widely-used UHSDA software
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. i
SOlUtIOn UHSDA Software

— Design a single injector tester
= My Role
— Conduct concept proof using parts of UHSDA
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Single Injector Tester Concept Proof

= Task Completion
— User Iinterface with all parameters on the same screen

— PWM output, RS 232 serial communication for injector
driver, and analog sensor reading input

— PLCs investigation for cost efficient implementation

it ||| e ] — Injector Driver Hardware

Fuel
User Interface c Systems
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Single Injector Tester Concept Proof

= Concept Proof Result

— Feasibility confirmation of PC based single injector
tester with current low level data acquisition mechanism

— Significant price drop with PLC implementation can
lower the cost for production

2080 1763 MicroLogix | PicoGFX
Micro820 1100 Controllers

Digital 1/0 20 Up to 128 Up to 272

Analog Input 4 Up to 16 Up to 40

Analog Output 1 Up to 16 Up to 40

RS-232 1 1 None

EtherNet/IP 1 1 None

LCD Screen 1 1 1

I/O Expansion  None Up to 4 1762 1760 Pi_co proposed PLC Module
MicroLogix I/O Expansion 1/O

Rockwell Micro PLC Comparison
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e Systems

12 1/2/2015 Cummins Confidential



Oil Prover Migration

= |nitial Status

— Developed Volumetric Prover ...

Universal Flow Bench:
Volumetric Prover

—Working viscor and oil rig —
= Problem Identification T E=c o

RefAVgPPH 0 RefAvgPPHDIf(6) 0  OK’@ aQ |-
Aux1tod |mnn[

— Lack analog flow meter inputs 0 o e

| Type Max 213

— Acquire data for both rigs o= L

User settings OK.

= Solution

Volumetric Prover Software

— Migrate the Oil Prover
additional requirements to the
Volumetric Prover software
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Oil Prover Migration

= Task Completion
— Additional sensor input channels specified
— Low level data acquisition test complete
— User interface updating in progress
— Software implementation and validation in progress

A B c [} 3 ¥ G ] K

!
1 Volumetric Prover Cable Connection Instruction (Last Updated: Fangzhou Xia 7/8/2014)
2 Digital Input Connection Analog Input Connection
3 Board NI PCI7813 R Board NI PCI-6259
4 [cable SHCG8-68-RDIO Cable SHCE8-68-EPM
5 Pin Shisld SCB68  #1 Pin Shield sCB68  #1
6
7 |Softwara ChannaPositiva Pin#l  Negativa Pink Softwara Channal Positive Pin#  Negativa Pintt
& [Max213Ref1  DIOD 35 DGND 1 Supply Pressure A0 68 AIGND 67
9 [Max213Ref2  DIOL 36 DGND 2 Inlet Pressure  AI1 33 AIGND 32
10 [Max 215 Ref 1 DIO2 37 DGND 3 Supply Temperature Al 2 65 Al GND 64 e A~
11 [Max 215 Ref 2__DIO3 38 DGND 2 Inlet Temperature Al 3 30 Al GND 29 ;
1
14 | o e -
15 T DF Z]II =
16 |Awdliary 5 DIo8 £3 DGND 9
17 Auxiliary 6 DIO9 44 DGND 10 Fm !
18 el 1 s
= 7Y = B ]
2 By i 3
21 J.
2 Oil Prover Cable Connection Suggesstion (Last Updated: Fangzhou Xia 7/9/2014) waacu
23 Digital Input Connection Analog Input Connaction Analog Input Connaction
24 Board NI PCI7813 R Board NI PCI6259 Board NI PCI-6259
25 (Cable SHC68.68-RDIO Cable SHC68-68-EPM Cable  SHC68.68-EPM
26 |Pin Shield SCB68  #1 Pin Shicld SCB-68 1 Pin ShieleSCB68 2

Software Channe Positive Pinil___ Negative Pinif

Software Channel Positive Pinft ___Negative Pinit Software Positive Pin#  Negative Pint
Supply PreAl O 68 Al GND 67
Inlet PreseAl 1 33 AIGND 2
Auxillary FAI2 65 Al GND 64
Back Pres:Al 3 30 A GND 2
Supply Tei Al & 28 AIGND 27
Inlet TemfAl S 60 Al GND 59
Awiliary 1416 25 AlGND u

Froceeripesivty Comprier «

LabVIEW Code in Modification

Fuel
Systems
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L essons Learned

= Team Work
— Importance of following standards
— Effective communication skill
— Efficient learning

= Individual Work
— On-time delivery
— Embracing challenges
— Enhanced technical skills

= Cummins

— Great culture, numerous events, nice place to work
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Thank you!
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