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1. OBVA Overview



Overview of Predictive Service
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* Done through a portable handheld vibration sensor ana|yze the data and generate a Vibration
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Gear vibration: Gear eccentricity

. S— Imbalances Electrical motor faults
« Eccentric gears produce greater modulation: higher
amplitude sidebands.
« The gear centers move relative to each other resulting in B . f | B t h ft
higher levels of mesh force during part of the rotation and earing fallures ent shaits
lower forces in the other part of the rotation.
Mechanical looseness Gearbox failures

Misalignment Empty space or bubbles (cavitatior

@ Resonance and natural frequencies @ Critical speed issues




Work Process — What we have done

Stakeholder interviews Analyst interviews
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https://apps.jci.com/:x:/s/UXr/ES-RIfVaMFNDhqAauT6PQjcB9I-XFuv_XxpmJ5NxzaNUOQ?e=RaJwf2
https://apps.jci.com/:f:/r/sites/JCIUXTeam/Shared%20Documents/Vibration%20Analysis/1_WebApp_for%20Analysts/1.2_WebApp_Concept%20Testing%202022/Videos?csf=1&web=1&e=AIZ1ha
https://xd.adobe.com/view/0d1f5ce9-44f3-496b-aaea-738c2a765f90-584c/
https://apps.jci.com/:f:/r/sites/JCIUXTeam/Shared%20Documents/Vibration%20Analysis/1_WebApp_for%20Analysts/1.2_WebApp_Concept%20Testing%202022/Concept%20Testing%20Plan?csf=1&web=1&e=RmE7Qc
https://apps.jci.com/:f:/r/sites/JCIUXTeam/Shared%20Documents/Vibration%20Analysis/1_WebApp_for%20Analysts/1.2_WebApp_Concept%20Testing%202022/Concept%20Testing%20Plan?csf=1&web=1&e=RmE7Qc
https://apps.jci.com/:f:/r/sites/JCIUXTeam/Shared%20Documents/Vibration%20Analysis/1_WebApp_for%20Analysts/1.1_WebApp_DesignFeedback_MeetingVideos?csf=1&web=1&e=vV3UlO
https://apps.jci.com/:f:/r/sites/UXr/Shared%20Documents/General/Advanced%20Vibration%20Analysis/Vibration%20analyst%20data/Videos?csf=1&web=1&e=HI74QO
https://apps.jci.com/:x:/r/sites/JCIUXTeam/Shared%20Documents/Vibration%20Analysis/1_WebApp_for%20Analysts/AVA%20Usability%20Problems_DesignProgress_2022.xlsx?d=waaed40e613834844a07ff725907119fc&csf=1&web=1&e=XBExlF

2. Design Challenges



If you design a chart or plots, how could you start?

Understand... Ana1y of a figure
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OBVA Challenges

Chart as a Tool not the information

Miyoung Yoon | Predictive Team Admin (e
7/22/2022 2:14:49 PM

Many variables
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3. Chart types
4. Color accessibility
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Cursor Details

Sr No. Show Label Color Name Type Trace Freq. Amp
1 [ | @ IxMotor Harmonic CMIV 5/19/2022 295140 Hz 00044 1PS
Fundamental CMIV 5/19/2022 1221830 Hz 0.0002 IPS

2 . (@ 2xLF Electrical




Variables Summary

At least 9 or >12 Traces
9 Cursors Colors (Harmonic, Side Band, etc.)

Compare btw Past vs. Current Data (>18 Traces)
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Zoom out/in Level
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Variables: Trace Numbers & Cursor Types

« Traces
« Current & Past time should be distinguishable

» Each traces represent of Machine’s components Normal 9
should be distinguishable between lines Max 192 192 o4
« Zoom out chart doesn’t have trace’s symbols only
colored lines should be distinguishable Rare 1 6 6 12
» Light & dark mode (Print version is Light
J ( gnt) Rare 2 More More > 24

than 12 than 12

» Cursor types

Harmonic Most of cursor 90 %

. o : C P Total
Side Band Finding pattern of Harmonic
Fundamental Not use at all Normal 3-4

Band Cursor Specific customer to overall RMS Max 6-7 Na Na
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(V: Vertical, H: Horizontal, A: Axial)

Drive End Non-Drive End

Parts of Motor
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3. Design Experiment with New Tools



Color Choices (RGB & HCL

Algorithm; k-mean clustering of HCL

< - C & medialab.github.iofiwanthue/ B % @B C ® % ~ &0 o H
+ Médialab Tools
Red Roses v 3 colors | hard (Force vector) v
H 330 I © Reroll palette

O Improve for the colorblind (slow) Sortby diff hue chroma lightness random

(O Dark background

Colors JSON CSS
HEX json HEX list for CSS
["#c90154", #c90154
"#ff6c83", #ff6c83
#c90154 201,1,84 "#c596be"] #c596be
HEX RGB
RGB json RGB list for CSS

[[201,1,84],
[255,108,131],
[197,150,190]]

rgb(201,1,84)
rgb(255,108,131)
rgb(197,150,190)

#ff6c83

255,108,131
HEX RGB

HCL json

[[10,70.638,42.889],
[16,60.017,64.668],
[330,27.942,67.57811

Vo4t 4+t VYV A+ttt VYV o+

#c596be 197,150,190 LAB json
HEX RGB

[[42.889,69.497,12.647],

http://medialab.qgithub.io/iwanthue/

R Programming

[ JXCN
¢ -%l<-d
Rdatasets @ Untitledl*
[ [sourceonsave | & /° ~
263

264 # data3, blue_scheme

265 plot_data3_pch +

266 scale_shape_manual(values-pch_2) +
267 facet_zoom(xlim = c(0, 20))+

268 scale_size_identity() +

269 geom_point(aes(shape-variable, size=2))+
270 geom_line(aes(linetype = variable)) +
271 scale_color_manual(values= blue_scheme)
272

273 # scale_color_brewer(palette="Set2")
274

275 # data3, green_scheme

276 plot_data3_pch +

277 scale_shape_manual (values=pch_2) +

278 facet_zoom(xlim = c(@, 20))+

279 scale_size_identity() +

280 geom_point(aes(shape=variable, size=2))+
281 geom_line(aes(linetype = variable)) +
282 scale_color_manual(values= green_scheme)
283

284 | data3, red_scheme

285 plot_data3_pch +

286 scale_shape_manual(values-pch_2) +

287 facet_zoom(xlim = c(0, 20))+

288 scale_size_identity() +

289 geom_point(aes(shape-variable, size-2))+
290 geom_line(aes(linetype - variable)) +
291 scale_color_manual(values- red_scheme)
292

293

284:1 [ (Untitled) *

Console

Terminal Jobs

@R R413 -~

facet_zoom(xlim = c(@, 20))+
scale_size_identity() +
geom_point(aes(shape=variable, size=2))+
geom_line(aes(linetype = variable)) +
scale_color_manual(values= red_scheme)

red_scheme <- c("#ac3940", "#d93637", "#e9%6e6a")

# data3, red_scheme

plot_data3_pch +
scale_shape_manual(values=pch_2) +
facet_zoom(xlim = c(@, 20))+
scale_size_identity() +
geom_point(aes(shape=variable, size=2))+
geom_line(aes(linetype = variable)) +
scale_color_manual(values= red_scheme)

red_scheme <- c("#c90154", "#ff6c83", "#c596be")

# data3, red_scheme

plot_data3_pch +
scale_shape_manual(values=pch_2) +
facet_zoom(xlim = c(@, 20))+
scale_size_identity() +
geom_point(aes(shape=variable, size=2))+
geom_line(aes(linetype = variable)) +
scale_color_manual(values= red_scheme)

~ Addins ~

= Run

o

RStudio

Tutorial

=0
+ Source v = o

R~

——preo—ce

© plot_datad_line

7 Import Dataset ~

History  C

S 360MiB v

7} Global Environment ~

List of 9

© plot_data9_line_bla.. List of 9
© shapes

Values
blue_scheme
green_scheme
1ty

n
n_
P

P

2

2

pch_1
pch_2

red_scheme

t

Files

R Script &

=0

value

o

Plots

/A Zoom

Packages  Help

25 obs. of 3 variables

chr [1:3] "#044dbl" "#0lalff" "#7795dc"
chr [1:3] "#2c6d39" "#01bd3c" "#bleaas”

R Project: (None) ~

=0

List ~ -

chr [1:9] "solid" "dashed" "dotted" “"dotdash" "longdas..

int [1:3] 21 22 23
int [1:3] 16 17 18
chr [1:3] "#c90154" "#ff6c83" "#c596be”

num [1:432] © 0.00231 0.00463 ©.00694 0.00926 ...

Viewer

SExport » | O |

=0

“&- Publish ~

variable
- X1

- X2

5 10 15

* X3

https://www.rstudio.com/products/rstudio/download/
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https://www.rstudio.com/products/rstudio/download/
http://medialab.github.io/iwanthue/

R Demo (Duration

3:19)

e0e0
o -

- HEH = # Go to file/function ~ Addins ~

| R data sets @] AVA_lineGraphs.R*

[ [Isourceonsave | & /° ~

L plot_datal2 Next || Prev || All Replace Replace || All
[JIn selection |_|Match case | |Wholeword | |Regex ¥IWrap

82

83

84 dfZ <- data.frame(x = seq_along(dfz[, 1)),

85 dfz)

86

87 # Long format

88 df2 <- melt(dfz, id.vars = "x")
89
90 plot_datal2 <- ggplot(dfz, aes(x = x, y = value, color = variable)) +
91 geom_line()
92 plot_data1g] I
93
94
95 #### data 3
96 # Brownian motion
97 set.seed(1.234)
98
99 # Grid
100 t <- seq(@, 1, by = 0.002315)
101 p <- length(t) - 1
102
103 # N paths
104 n <- 3
105 I <- matrix(rnorm(n * p, @, 1 / sqrt(p)), n, p)
106
107 # Data frame
108 df3 <- data.frame(apply(I, 1, cumsum))
109
110
111 df3 <- data.frame(x = seq_along(df3[, 1]),
112 df3)
113 # Long format
114 df3 <- melt(df3, id.vars = "x")
115
116 plot_data3 <- ggplot(df3, aes(x = x, y = value, color = variable))
92:12 [ (Untitled) *
Console  Terminal Background Jobs
@R R413 .~/
>

VVVVVVVVVVVVVVVYV

= Run

o

RStudio

[ |

+ Source ~

R Script

=0

History  Ce

R project: (None) ~

<2 | 7 Import Dataset v
R ~ (" Global Environment ~
© plot_data12
© plot_data3
© plot_data3_pch
© plot_data4
© plot_data9
© plot_data9_line
@ plot_data9_line_blank
O shapes
Values
bgr_scheme
blu_pch
blue_pch
blue_scheme
green_scheme
green_scheme_v2

Tutorial P |

N317MmiB - | = List v -
Q

List of 9 Q
List of 9 Q
List of 9 Q
List of 9 Q
List of 9 Q
List of 9 Q
List of 9 Q

25 obs. of 3 variables

chr [1:9] "#044dbl" "#@lalff" "#7795dc" "#536542" "#00bfS8" ..
num [1:3] 16 1 13

num [1:3] 16 1 13

chr [1:3] "#044dbl" "#@lalff" "#7795dc"

chr [1:3] "#2c6d39" "#@1bd3c" "#bleaa8"

chr [1:3] "#536542" "#0@bf58" "#9eb38d"

fhs]

rann B P T S P R P R PO
Files Plots Packages Help Viewer Presentation =
@ & Zoom - Export + O ¥ 4, Publish ~

variable

w*wl!w'w :

l'” q N : — x4

s .@V:‘“"%"” A —
L )
O M =

v" 0 == X10

0 250 500 750 1000
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[ ION ] Plot Zoom
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-1=
variable
- X1
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[ NON ] Plot Zoom
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Design Reasoning & Color Rules




Color Reasoning

All Colors

Prominent Colors

1o

HUE

Prominent Colors

T

Saturation

'—
‘.

Cursors

All Colors

Prominent Colors

1 e .

5 Potential Cursor colors

18



Rule Summary

1) Component category color

« Motor: Cooler color

 Pump or Compressor: Warmer color
2) Work-flow order: MO > MD > PO > PI
3) Past data (dashed line+lower saturations)

Current j- . . . .

MO MD

3/30/2022, 8:41:06 AM MOA —&— MOV —A— MOH —&— MDA —®— MDV —4A— MDH

A

Cooler color

Past

PO

Pi

POA POV —A— POH PIA PIV —A— PIHH

Warmer color

__________________

v

19



Time Current measurement
Machine Motor Pump Or (Compressor)
Component MO MD PO Pl
Location A \Y H A V H A V H A \Y H
Golor B NN N NN HEE ¥ .
Saturation Baseline ‘
Symbol
Y O ] A @) ] A O ] A O ] A
Line types Solid
Time Past measurement
Machine Motor Pump
Component MO MD PO Pl
Location A Vv H A Y} H
Color -{ 1.5’ ’I T*“i.f"“i.i""“’i. | N R N N
Saturation éééellne 20% o - o
Symbol O n A
@) L] A @) L] A @) L] A
Line types Dashed

20



Past Measurement Rules (Line-types & Symbol fill)

ldea Summary

Mar 30, 2022 @— MDA
Current | |
Past 1 T —
‘‘‘‘‘‘‘‘‘‘‘‘‘ Mar 31,2022 —0— MDA
Past 2
Sep 22,2022 —o— MDA ¢
Rules
Motor MO MD Line types
A v H A v H solid 11
18
PaSt 1 dashed
Line Dash 4px, Gap 4px T Moo
Symbol Hollow
y Dashed Line dOttEd .................................................... 2
Past 2 6 pt 2 pt 1pt e
Line  Dash 4px, Gap 2px dash gap dash dotdasn 1 .
Symbol Hollow and X mark
longdash n
Past n Dashed Line ¢ ¥ 7 1 | .
Line Dash 6px, Gap 2px e 1 = I
p p
Symb0| ? dash gap dash gap dash gap ic!v-o_d_a_s_h_-_____________________‘ L

21



Graph Types
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Graph Types

2D 3D 2D Multi-plots

2D-A) Zoom-out 3D-A) 45 Skewed & Stacked traces Multi-A) Same data with different resolutions

74K N9 He 147.4 2

1 pupg apis
SiuowLID]
w.

w.

FFT/PK

Mar 16, 2022, 8:41:06 AM » - MOA MOV —a—MOH MDA —® MOV —a—MDH POA

2D-B) Zoom-in

]

" £ T
: 3 % B |
X 5 £
x X T
z = |z z
3 3 |3 3
3 3
2 2
2 z [ 2
|
|
| |
|
Il
g 0.05 “ ‘ ‘
A Al | AL
x ; Ay \ o
. . o b A A S A A Y L WAV ¢
s . L - - ; ; o i
v # . B 2 nz
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* a Ed
» ad E E
: . L
Mar 95, 2022, 141 06 AM wou
Mard 2022, un0W vou
Mar & 2022, 123020 P ou




Potential Outcomes by Graph Types
2D

3D

Various chart types:

Analyze the data in different ways

2D Multi-plots

2D-A) Zoom-out

£

» Legend order by Workflows,
» Direct data display on the cursor
» Accurate data unit on the chart

2D-B) Zoom-in

Discern the overtime
measurement by
line or color styles

3D-A) 45 Skewed & Stacked traces

VA VY VS

~ .7 Long term trend
L "’Wq\\"‘_‘y‘”ék—'”‘”“““’“_ﬂ» by dateS

3D-B) 45 Skewed & Even placed traces

= Long term trend
~ by individual
~ points

—Different angles
~ can show data
differently

Multi-A) Same data with different resolutions

Use-case by
Analysts

Multi-B) Same data comparing current and past

Avoid too much
data overlapped

24



Zoom Level Experiment




IPS

Zoom-Out

o o 1Sy o|lo|o o o o o o o o oo o o o
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0 25 50 75 100

125 150 175 200 225

Trace colors & MDA MDH MDV

Cursor Colors
Symbols )
Mar 30,2022 —®— MDA 3/30/2022 '~ MDH 3/30/2022 MDV 3/30/2022 - Harmonic

Mar 31,2022 —0-— MDA 3/31/2021 —-O— MDH 3/31/2021 —<>—MDV 3/31/2021

Sep 22,2022 —o— MDA 9/22/2021 —&— MDH 9/22/2021 —— MDV 9/22/2021

MDA MDH MDV - Side Band
Trace line types
imeli I—
by timeline Current [ ] [ ]
Past 1 b IP—————
Past 2

Trial2: Neon color for side band,

Does the side band need to be an arrow? 26



IPS

0.03

/00m-in

Harmonic 0

Side Band 0
Harmonic 0
Harmonic 0

o
o
=
o
£
£
©
T

Side Band 0

Harmonic 0
Side Band 0
Harmonic 0

0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425
hz

Trace colors & MDA MDH MDV Cursor Colors

Symbols )
Mar 30,2022 —®— MDA 3/30/2022 <~ MDH 3/30/2022 < MDV 3/30/2022 - Harmonic
Mar 31,2022 —0O-— MDA 3/31/2021 —-— MDH 3/31/2021 —<>— MDV 3/31/2021 ’ . ‘
Sep 22,2022 —o— MDA 9/22/2021 —=— MDH 9/22/2021 —<—MDV 9/22/2021

MDA MDH MDV - Side Band
Trace line types
AT
by timeline Current | ] [ I ——

Past 1

i
i
i
i
i
i
i
i
i
i
i
i
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Over-time Plots Experiment




3D Current

il

—— PIA — PIV o om

Sep 22 2022,8:41:06AM ——— MOA — MOV —— MOH
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3D Overtime

o
L T
[=4 2o
S ©&
E B¢ Harmonic 4
s £E . o
T ;é Harmonic 5 o
) <
1 =
0.2 E
0.15
£
U
T
2 .
= o1 ' i
£ !
< O I i ! . ) :
0 DU U [ ! Is the height of amplitude too high?
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Frequency
Sep 22 2022, 8:41:06 AM MOA MOV — MOH MDA MDV — MDH — POA —POV — POH
Mar 31 2022, 8:41:.06AM ——— MOA —— MOV ——— MOH MDA MDV —— MDH —— POA ——POV —— POH
Mar 30 2022, 8:41:06AM — MOA ——— MOV ——— MOH MDA MDV ———MDH POA POV —— POH
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3D 90 Skewed & Even or & Stacked

Mar 30, 2022 1:45:40 PM

Mar 31,2022 12:31:33 PM

Harmonic 0
Side Band

“” Mar 30, 2022 1:45:40 PM

7 Mar 30, 2022 1:45:40 PM
2 ) e 32 P 3 Mar 31,2022 12:31:33 PM
0 20 0 60 80 100 120 140 160
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3D 90 Skewed & Even placed traces

Mar 30, 2022 1:45:40 PM
Mar 30, 2022 1:45:40 PM
Mar 30, 2022 1:45:40 PM
Mar 31,2022 12:31:33 PM
0 20 40 60 80 100 120 140 160
Mar 16, 2022, 8:41:06 AM ~® - MOA & MOV —&— MOH ~@® MDA %MDV —A— MDH ~—®&— POA —®—-POV —4&— POH —& - PIA —m— PIV —A— PIH
Mar 3, 2022, 12:31:33 PM —O—MOA —{I—MOV —A- MOH ~O- MDA —{J-—-MDV —A— MDH —O- POA —{J- POV —%- POH — O~ PIA —- PIV —4x— PIH
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Graphs in the web app
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Future Works

Dark mode

Thank you!
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and analysis and test history
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Major changes (1
Human Analysis/Navigate machines & Filters
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Major changes (2) Create Not
. reate Note:
Human AnaIyS|s /Notes * Easy to capture the spectrum images with one click

* Reduce the error of wrong images uploaded to reports
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New motor was replaced. But installed using old sheave. New Sheave
have been ordered. Will perform a baseline reading when new sheave
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[(operating | €31

This is operating comments, which used to be located on top of the
page. | relocated this section to see all of the comments in one place.

Main vibration occurs at 1X fan running speed component. Main vibration occurs at 1X fan running speed component.
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Operating speed of an induction motor depends on the input power frequency and the number of magnetic poles in the motor. Sponsored Links. The

synchronous speed for an electric induction motor is determined by. the power supply frequency, and. the number of poles in the motor winding.
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Major changes (2
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Main vibration accurs at X motor at 54.8 Hz at MOV with
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Resultsfrom all diagnostic tests,including vibration
analysis and other predictive technologies shouid be used
i conjunction with the maching's maintenance history
and a qualiied mechanic’s recommendations to
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