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50925570: MAJOR: INDUSTRIAL ENGINEERING; M. ENG.
KEY WORK: VIBRATION MEASURING DEVICE / SYSTEM ACCURACY /
MEASUREMENT SYSTEMS ANALYSIS.
PRAMUAN MALARAT: AN IMPROVEMENT OF MEASUREMENT SYSTEM
ACCURACY OF A VIBRATION MEASURING DEVICE. ADVISOR: JAKRAWARN
KUNADILOK, Ph.D., 90 P. 2011.

The objectives of this research were to improve the capability of measurement system
of the vibration measuring device and to develop the standard procedures to check readiness of
the device before use. The research applied the Measurement System Analysis (MSA) to evaluate
bias due to deviation of systematic error, and precision-to-tolerance (P/T) ratio due to deviation of
random error. Results from the research showed that vibration value measured by the measuring
device was deviated from standard value. It was found that the bias was 9.49%, which was within
the standard at 5% to 10%. For the P/T value, it was 69.69%, which was higher than standard at
10% to 36%. From problem analysis using Fishbone Diagram and Failure and Effect Mode
Analysis (FMEA) technique, it showed that main causes of the problems were from the
breakdown of connector signal wire for measuring the vibration and the lack of device inspection
before use. After broken down device was fixed, P/T value was reduced to 23.39%, which was
within the standard. Then the standard procedure of measuring device operation before use was

developed to evaluate its accuracy to conform the standard.
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AREA: TPCC Plant 2 MACHINE:Oil pump for Extruder 2EX-L30
Machine Set No. 2ZEXAL30 Last Status: Status:
Date of measurement: 3 Feb 10 Stage 3
Reference Job: 25" Measurement/4277

Condition: Motor and Pump shows looseness of rotating elements and high impact on about 12 orders
decreasing 1o the last measure. Possible is misalignment and machine instataion probiem become rescnance
probiem. By maximum impact is 13.3 mmisec RMS sfill in stage 3 narrow to higher stage. This impatt is cozurring
on molor @ inciaase a'so. Pump bearings specirum show sign of Jocse and impact on about 8 orders possible
rumbers of vane baldes with impact in stage 2.

Diagram: See Machine Diagram
Referent RPM: 487
Modification: none
Trending Data: 22™ Measurement
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Comment: Trse machine should be monitored very closely and checking the integrity of the structure.
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R= Z—: > 565
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UCL = D,R=2575x5.65=1455

CL = R=565
LCL = D,R =0x565=0
mV
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o RDRT
wdipee {JCLRbar
g | CLRBAr

1 2 3 45 6 7 8 91011121314151617181920

A# 3-14 0519 R chart voanmsilsztiuguantiaamludavesnsesiiodn

VINNITAHIUAMAIANIAUUUIIM 14.55 mV, AMdanuguaeiian omV uagi)
Aundovosimdoyszans 6 mv 910059 R chart lunwdi 3-14 Aundovesdiidennmsia
20500 9 Az 3 Afa fifunieoglugnsznin 1 mv 89 9 mv uaaahmRdovesgaiauna
dulusmaiesiamauduaziisudseglufitaniugu

SaummasTnue

_Z_ _M =100.32

mmuwnamuqumwﬁ"ydmﬁa

unugi X

UCL = X+4,R = 10032 + 1.023x5.65 = 106.10
CL= X =100.32
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LCL= X—A,R = 10032 - 1.023x5.65 = 94.54

10800 - mV
1C 106.10
10400
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$ovouniocin: CSI J1 2120
¥iinveariain: Acceleration 74 AC102-1A
manuhiiadia: 100 mv/G +-10%
AAIND: 70 Hz

fA3§IU: USL= 110 mV, LSL=90 mV
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(1394 100%
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= 527

AN P/T (Precision — to — Tolerance Ratio) @ WYAT

P/T = ﬂ_&_R_xl()o%
USL—LSL
- 468 100%
110-90

23.39%
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AMANUIN -1 1 d, * dmTunmsdsznua © Tey R

k = Sunundusssil¥iiune R vooe gamhenuiosanss R
no= WNRYOINQULaY dy = Wifemes d,
dyt = anfivmmrewdodmiu R
. s o~ = . s o o= X
Ay = dnsflveissmanudassnonguooufiviuiiu
n=2 N3 o= 4 o= 5 n =

K v d,” v do* v dy* v dy* v dy

1 1.a 1414 2.0 1908 2.8 2287 3.8 2.477 4.7 2,664
2 L4 1.278 4.8 1.806 &7 2.149 7.6 2.404 8.2 2.603
3 2.6 1.227 57 1.967 &4 2,120 rhi R TS 13.6 2.580
4 37 1.206 78 L7 1L 2.108 4.7 2365 8.1 2.569

3 4.6 1186 @3 17733 138 2.008 154 2358 226 2.562

8 335 1170 117 1731 6.8 2.090 220 2.55% 270 2.557
7 6.4 1.1%2 126 1.93¢ 9.4 2086 256 2,344 314 2.554

g 7.2 1167 148 1728 v 2,082 293 2.346 SH.G 2.552
B & 1.163 65 YRR 244 2.080 G248 2.544 40,5 2.550

10 20 $.168 184 L7418 27.6 24078 365 2.942 44.9 2.548

it 9.9 1.157 2.2 1.714 30.3 2076 40.1 2341 F4.4 2.547
12 LB 1.154 22.3 172 33.0 2.0%8 438.7 2.83% 538 2546
13 118 1142 2349 1711 358 2.0% 474 2338 8.4 2.345
14 128 11581 25.7 1709 383 24072 51.0 2337 688 2.544

15 13.4 1.149 275 1708 41.3 2071 Jd.8 2337 67.3 2.543 .

i6 4.2 148 28.3 1.907 4 \.%-.B 2071 a8.2 2.836 L7 2.543
17 157 1.147 317 1.907 46.8 2070 AL& 2.335 76.2 2.542
8 160 1.148 33.0 1706 49.5 2069 65.3 2.335 A8 2842 -
19 16.9 1145 4.8 1705 52.3 2.089 68.7 2.334 85.1 2541

20 W7 1144 6.6 1.705 G443 2.088 727 2334 &G0 2.541

21 186 1143 5.4 1704 2.068 6.3 2,333 94.0 2.541

h
-3
~3

2
fe:3

22 195 1148 402 1704 2068 800 2.4 985 2540
23 - 204 13142 2.1 L703 632 2067 $36 2333 {030 2540
24 212 w1l 438 LB 858 2067 872 2333 J0T4 . 2540

28 22.1 1.141 45.7 1,702 88.7 2.066 Y08 2.382 111.9 2540 .

Av .88 1.89 ' 2.74 1.62 447

dy 1128 1.693 2.059 2.526 - 2353




ATNMARUIN A-1 A1 d, * dmFumsdszunad G Tao R (Ae)

n=8 no= g no= 10 n =11
k v dy v dy” v dyo* v dy® A7 do*
H 5.5 2:827 6.3 2,661 7.0 3.076 7.7 8.178 8.4 3:268
2 1.8 2,767 12.3 2505 13.8 3.024 15.2 3.129 163 3.221
3 16.1 2748 18.3 2,586 20.5 3006 99.6 3.112 24.8 3.205
4 213 2736 24.4 2.876 27.3 2.997 30.1 3.104 32.7 3.197
5 96.6 2,799 30.4 2.870 34.0 2,492 375 3.098 40.9 $.19%
Av 5.26 6.03 675 7.46 813
dy 2.704 2.847 2.970 3.078 1173
= 12 n o= 13 noe= 14 n=15% o= 18
k v dy” v d,” v dy* v dy v dy*
1 9.0 3.348 a6 3493 0.9 3.400 10.8 2552 114 3.610
2 17.8 3.304 18.0 1380 202 3.449 21.3 3513 225 3.571
3 2066 3289 98.4 3.365 30.2 3.435 219 1499 336 3.558
4 5.3 3.281 378 3.358 40.8 1,498 424 3402 4.7 3.552
S 44.1 3.976 17.2 3.354 50.2 3.424 52.8 3.48% 55.8 3548
Av 877 9.39 .90 10.57 IINE
dy 3.258 3336 3.407 3.472 3532
n=17 ns= 1% ne= 18 0= 20 n =21
k v (1(2* A% d.f( v dg* v de' A\ d:{'
1 1.9 3.663 12.4 2718 12.9 3.760 13.4 3,805 13.9 3546
2 23.6 3.626 2.6 3677 256 2,795 2685 3770 275 3812
3 35.2 3613 36.8 3.665 8.9 2713 39.6 3759 41.1 3.801
4 46.9 3.607 48.9 3.658 508 307 527 37753 547 3.795
A 58.5 . 3803 61.1 A.655 63.6 R704 63k FT4Y 68.4 :3.‘79‘2
Av 11.66 12.17 12.66 13.12 13.62
d, 3588 3.640 3.689 8.735 3768
n= 22 n= 238 n= 924 n =25 n =30
k v dy* v dg* ¥ dy* v ds* v dg*
1 43 3.386 12.8 3.993 152 2,958 1587 3499 169 4147
2 28.4 3.853 29.3 3891 32 3427 350 3.963 333 4116
3 425 3.841 438 SHHO 45.1 3617 16.3 3.952 50.1° - 4.106:
4 56.5 3.836 583 3875 80.1 3811 817 3.947 667 4101
5 76.6 3.853 72.8 3471 73 300K 77 3.944 833 4098
Av 14.07 14.51 14.95 15.36 1656
dy 3.519 2.858 2585 Fo91 4.086
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IR PR
L iy <y Cy L dy ¢y iy
NEuEDE naNLes

2 1.1%8 0.6842 THTY 21 KRl 0.9838 RT6
3 1.693 0.7236 5562 2% 2,519 0.9655 9882
4 2,058 0.7979 B218 23 3.858 0.0670 G887
% 2.826 0.8407 L9400 24 3.895 00684 G802
@ 9.534 0.6686 9515 25 3833 0.9605 8848
7 2704 0.8582 88504 30 4.088 0.9748 SB15
8 2.847 0.9027 50 35 1.213 0.9784 9927
9 2970 091349 YL 44 4,324 0.9811 0936
10 5.078 o.9n87 8727 45 4415 0.9532 8943
i1 3173 0.5300 4754 50 1.498 0.9849 8949
iy 3.958 $.0858 9776 86 4,634 0.0874 8657
13 3,348 4410 5764 70 4755 0.0892 8863
it 3407 09453 9810 86 4.554 0.9908 HU6R
5 3.472 06490 LR 80 4.938 0.8918 89792
18 3.532 0.0523 L9835 1406 5.015 0.0695 9975
17 3,568 05551 848

18 3,640 0.9576 B854

19 3.689 0.559% G862

20 3735 DRI 9B6Y
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ﬁliﬁjﬁ@ﬁﬁﬁdﬁﬁs‘ e e
: A3 , 5 :

2 1.880 - 3.267 2.659 - 3.267
3 1.G623 - 2574 1.854 2.568
4 0.729 - 2.282 1.628 - 2,260
] 0.577 - 2.114 1.427 - 2.089
6 0.483 - 2.004 1.287 0.030 1,970
7 0.419 0.076 1.924 1.182 0.118 1.882
& 0.373 0.136 1.864 1.089 0.185 1.815
9 0.387 0.184 1.816 1.032 0.239 1.761
10 0.308 0.223 1,697 0.975 0.284 1.716
11 0.28% 0.258 1.744 0.427 0.321 1879
12 0.266 0.284 1.716 0.8886 0.354 1.648
13 0.249 0.308 1.602 0.850 0.382 1.618
14 ¢.235 0.32¢ 1.671 0.817 0.408 1.504
15 0.223 0,348 1.652 0.789 0.428 1.572
16 0.21¢2 0.364 1.636 0.763 0.448 1.652
17 0.203 0.379 1.621 0.739 0.466 1.534
18 0.194 0.382 1.608 0.718 0.482 1.518
19 0.187 0:404 1.59¢ 0.648 0.497 1.503
20 2.180 0.414 1.586 0.680 0510 1.480
21 0.173 0.425 1.675 0.663 0.523 1.477
22 0.167 0.434 1.566 0.647 0.534 1.466
23 0.162 0.443 15657 0.633 0.545 1.455
24 0.157 0.452 1.548 0.619 0.55% 1.445
25 0.153 0.459 1.641 0.606 0.56% 1.435

UCLz = X+AR UCLy = X+AS

— CLK = i Csz = i

asr LCLy = X-A;R ICLy = X-ASS
) UCL; - DR UCLy - B,S
Clgy = R CLy = S
LCLz = DR LCLy - = BS
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Certificate of Traceable Calibration

Model: VG110

Description: Vibration Cafibrating System
Serial number: QEVEIY
Galibration date: 4.08.08

Cslib. due date: 4.98.08
Accuracy:

Metrg hereby cedilicates that shave instrument meets or excaeds given specifications (uniess
otherwise noted) and has been calibirates] using standards traceablo fo 3 PTH cortified coforence
siandard.

T=R2351°%C, en={1. 4004 ¢

Signal vongitioner: TG Hz - 10.060 Hz ! tnpul: U, ICP, Q £ 0.4 %
Shaker accaleration: BG Hz, 160 Mz, 320 Hz, B30 H2 £2%
1kMez, 2,5 kHz, 4 &Mz, 10 kHz £ 5%

Calibration procedure:

VC110.701-C815; Catibration of sigral conditioner
YET10.781-C8 Calibration of charge input
VC11D.701-E4: Calibration of shaker amplitude

Catibration equipment used:

Type Type I serial number Caliteeation cortificate
gyl voltmetne Keianiny 2000/ Q170418 Holbig: 1274711421 ! GNRN

Trawster stapeiand: Rocsleromaterser, 1o, 13228and  PTE: 10552008 § Q32003
charge arpilier ser. 00, 001277

Chasge stanvard Ratorarce cagadty E8X QRORORYS § LR
seepe. BR0T1EMS

Radebedt.  14.09.0%  signatue:
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