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2. ¢l =EHId

- S| YOS $Q WA JIXH0I et BE X Xtjo] “E3 ;A" 0Ol
O[O} SHOIBHKITH SHRAIT NS HM MZA0| L.
A = BEL= HIMORZ QI8 (X20| ZOHE)

LEAF ORI (40%) %

)

Friction under the bolt head

19, Friction in the threads

=E 0= 0FES (50%)

. Useful work to tension balt

oIMY(ET)CE WHH(Tensionldl SIILW, EEQ] EEE X2 [l W= WFE9 HNM2 E2E HI=E9 ORIFE
2017t S04 =2i(Clamping Forcel0l SIH. LIAHIA OFES 2= 8I0iXI 1, JHHZ Q1M (E3T)9] 10% Dt
=E& S0 otl=dl At E.



3. A THAY

= D= HE=AUANIST), Ol= HEAIS S 2AASTMIOIA A8t ‘=S ZZF LA 9
=EHHd J|g" T EQ
= SE0f| ®IM0] 2V AEH0IAM S EZ0] T™XHEIongationlE &=0l= =S

=MuAle Hefr )} +3~5%0|LHF MetTI} 248

CHIM Q1D &)

Watch how the 3.00000 inches

Red Echo moves m .d“““.‘
(as the tension changes)

3 Ibs tension

CHIM 910} 25

Watch how the 3.01403 inches

Red Echo moves -“““"‘
(as the tension changes)

14,030 ibs tension

No Z oS oy (= )EZ (%) ioasl

1 Feeling (Z2Z}) 35 _

2 Torque Wrench [£3 #IX]) 25 g

3 Turn-of-the-Nut 15 =

4 PLI Washer (EELSEEA| QAN 10

5 X 21 Bolt Elongation =& 4tAl 3~5 TORQUE TENSIONI ULTRASONIC
(BE 20| 3)IE £3)




4. 0l IE Jltig i X HiuH

- XS0 ZHO 0T BEMM SRS TAOH, BE BEACET oIpt
JDIeN S 3= wx

SOIASTMIOA ATt M Jl=
A

ekt HiD|ls S2 X UF8E o (A=Y M54 T SH)
s JIESWY (Steel bar) MY (X280 =H)
HStA XE B 0.006921 X| 0.0032°21 x|
< Xg B} 0.004921%] 0.00302!XI
A& AL X120l SH/N = 182 20X
oSS AlXbEE X X = =
s E2S ST o o
=3 olaix 2-3% 1~2%
- =@ " > ZH)| AI2WY =T|A| &d8H ESHIIs
-SE™ > S 0]
maly =xi - ZMHBA Y EZHE HY A| > SHEHE S Jogis.
-e QK& » Human Error & Jis 40| MS
-HI0IH HS M=) » HIOIE HE £0I
- EXG S HE &AM MY =
= o |2 SZYA0] J|E SAIRC M2y, M5 WY S ZE N 25T H2E &0IE
S5 AYUAN A
CH 4% : OOLHMA O/HUA A XIS S M 7H 3= EH1)
- ZXAIZL:0lE EE 10001 JVIE, SHWH (20] 13, A= 39])
- J|EYH |12} : (12 x100) + (22 < 300) = 7002

o3 AR 1=
- AREH E ARAZH: (12202 x100) + (102 < 300) = 200E.



0. &g J|

= 0| HEJ|I&HFPA(NIST : National Institute of Standards and Techmology) m

<Fastener Quality Act : 2E EX |

>
-88lA S8l =E+58 =2 =E0 AL ES.
- 2E0l 218 (Torque)& JI0HH, ¥ H O] 50~80%= O
SEdE0] 2013 2XHUM O .
-2EJH U ZO0HH ZOiX®, =Y S0l FMXAL 20 &6l SH0I Il ®A

coll, USCZ EdH HHU, FoI ¥E HE0l SHD 28E + AUS.
- MM 3| E 201017 i W2 S5 S E00 HOI0 LILXID| XX E
APl 2. A DIME2 &HAINT| 2H 91MH O] 80%Y.
2 MEMQ| Yo, X A= Clamping Force)0l HXIH SEZ0|= S0 Y,
B9 (Thumb) H 21 0f| 2JOH™ ZE 2 30,000psi, E|EFS 15,000psi)t 2 HL, 1/10008 T

S0l &E.

N’



0. &g J|

= 0|2 I E A B &3] (American Society for Testing and Materials) \ﬂ‘% T "l

<ASTM 1685-95 EEZ0] X} =X Wt Iem & M8I|=> ==
- EEMIM XS MIIAIZEO| XIOIE ZHOI0), HIMOZ 010t 2E 0] 50U U0IE S/,

_EEE X0JHH Mg 4 U, 012 XA %EE :e I E0{71HA ZANMTE stoigt & Y
_QINIEWNA ZHIXE A, HY, Moo A= HIMT|, IS A HIEZE S0 M2))s.

C RN AT HU L= + JI QL= 20| =L EE( XS0 ZMT|E AI20HH

3%0I0I 2T
A=EO9| ME(0]| LHOHAI XH =21 0101 0F &

o & 2

HIMO| gl= SEHOIM X£T] ZO0IE =0t SE XS AT 2 HIMO| U= HEIM ZH010]
ZZUS il

A3 SE =371= 0.0001mm = 0.0000120 XX EEZO| MAIE ZSHE = UATE Al
0l 22 2TIH 2T 0IRE S=EH (Yield)NXl S0 L= EEZ0] TXIJE0.00320X] 0171
M=

uZ0ll= EE HE0| Wt X0l A= Stress Factor(2 Ml SIH20]| HE =1 =8 S)EE),

Velocity(IH& £ 5)E BHE Al ul 010 OF &

Materia



-

MINI-MAX, Ultrasonic Bolt Tension Monitor (X2} S8E ME =XMJ|) =M o=
v 8E #O0|( Length), BE AMAE (Elongation)
v 8E ZY(LOAD), SE AEY|A TWH (stress factor)

EMYAMEE 1 ~ 96 21K| (2.54 ~ 244 cm)

. AIZHE9] : Nanoseconds

. Ol &&= (Resolution) : = 0.00001 inch (0.0001 mm)

CEEHWY :0.0492 ~ 0.3937 in/ms (1,250 ~ 9,999 meters/sec)

JHEME O J3E SE THE = AP A0 EE HE Y Jis
EHA (Z2EIIE) : 6182 HAS T AIO] 218t &t oot 2 at 4%

CHIEd U O - =3 8 E HAIO= HE D

.HIOIE JI(WHE) : SIHC EE0 tHOIK 8,0008] =™at .

EUMEM EIY - 1 MHz~10 MHz, 1/8 ~ 1 2IX| Z1HO| QUE, A& AehEd
2 ozd

. RS-232C(to USB) & S2410] J}Is.

KOE
-zQEx

.EEQ S0H Z20I1E £330l EEQ S H2A EYE HEOIH, EE0 JHHE! (LOAD)E HILt

ZSIXC2 T EEQ| HO|HSIE £T0I01 EE S0HHE Z20IE =8

JHH | EASU AARS A0 =S S0 =T 37121 O X
OZet S2E0 toto HEJts.

HEHES S U AAHE AIE0H0 A2 HZ0AHNME =SIE 010 AlME it

UEE H=2Hd IS MAME ALE010 ZZEXIE 2 AT OIS,

i
b

AL
A = Al

UE.



. Jnuug 110.0072 .l
G

B '

C

e 18.80a872 w
ELONG IN

10.0072

3.95

/\J | "62.0 DEC F
|

.08

e —— 2.3% .9 Q
.91 19.83 BNl UIDTH: B3l

3.5 9.95 10.01 18.03
WIDTH: @.31

DELAYS 2
ALEN:  10.88(GAIN: 36

ALEN: 16.668|5AIN: 368 BATE: ®\.88 |TEMP: A3.8
H=[GaTer @.00 |TEMP:  6g.0 THR: S [Loc @l
T =
RF View Large Digits
o= B33 o4
A | Stability of AAIZIE HEAHIE 37100 Wt 1~6DEX] SHTHEE H A
Reading Indicator TEea HZ29 dI0IE gt BEAIEI™ MEM HAI
B | Battery Life Indicator | HIE{2] ZtZ | HIE{2]O] ZHEE HA|
C |Length Measurement | ZEHE H0| | XSM= ZFE 20| HA|
D | Detect Indicator SHU HdEY | DAIE SHUS =0 AXIE HM HA
E | Echo Signal HIAML A1 | HIALE X2IME JdE=ZE BAl
F | Measurement Labels | Z™at XIAl | S0 #SHE =3 BA
G | Units Label EZXMOU ZHMHY (inch, mm)
=] = Emm o] 3 51-!0“ Wost A
CIZH <= (T)[HI'ITE (=3 LY = o =1 o
H | Hot Menus = HMA ZMOC {22 MO0 S HIE ALl
EX MRANM XSASE O] 98 Al
= =Oo o [ — T — = = y TT [
|| Gate HOI=  22(ob| gt 4




Sl - SEEXL

ZJ1, 1, 2xt £3 dl0IEL

A0=| 0 IJI 7I0|
BE : 1K SX AT
CSl : 2K} =X AKXt




1. 88 SZAH - =3 UIOlEL Hiul

2 o e | EST A B |25 | 22TE
LLO O =1 O
NO (2EZo|]| 1Ak 22k 12k 22} XE PN

2 56.5003 | 0.082(0.076| 0.0802 | 0.0765 | 0.0060 0.0037
56.4776 10.089(0.075( 0.0688 | 0.0688 | 0.0140 0.0000
8 56.492510.08710.077| 0.0779 | 0.0744 | 0.0100 0.0035
10 | 56.4999 10.083]0.077] 0.0814 | 0.0789 | 0.0060 0.0025

20 |56.4991(0.079]0.078 0.0728 | 0.0743 | 0.0010 | 0.0015 < 5691X|-307H9] OIS 20| LHOH _x._g AlRbes
24 |56.4682 (0.084]0.078| 0.0909 | 0.0812 | 0.0060 | 0.0097 ZXMZ J|= WH(Steel Bar)O 2 AlxtzS
28 | 56.4506 [0.088]0.076| 0.0829 | 0.0838 | 0.0120 | 0.0009 1XH =3 Al JIE0 Mgt HE JI-EE_._ Him &t
@3 | 0.0069 | 0.0032
%} 0.0038 | 0.0020 VIIESUHEC X200 SHI|Z SHTHAEE 218
HEZHA | 0.0049 | 0.0030 X IV RO : 3T =8
J1E WH(Steel Bar) S MTE X2 JHT ZEM EHIIZ SO UEF X2 JdHE

0.095 0.1

0.09
/\\ / 0.08 W
0.085
/ \ / 0.06
0.08
M_.}.\l 0.04
0.075 -

0.07 0.02

0.065
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9. MAX-Il MHIZ 20
Total Control for Bolted Joints! ghe M AX I I

) () 3 .
Qua Ondaltia 1=10 Bolt Tension Monitor
a al 1l C dl10SeCOIld0
Features:
a N » Quantities - Elongation, Load, Stress, g
U =10 o 010 . o PIc '.'- Stralnand'ﬁme(nanpsecomﬂ)’
/ ~ ‘\_______,,, == 4_p Sunli ible color QVGA display
' ' 0 . ~(320x240 pixels).
M SRR » Measure Modes - Pulse-Echo, Echo-
cd C 0dec C O 9 Echo, Echo-Echo-Verify (triple echo).
«$Auto Correlation - Transducer
0 ) ) a NI E ) _Placement. 2%
" » Custom auto calibration feature.
[\ a a » 4GB internal & up to 64GB external
U U dllO = o SD memory.
) - A » USB 1.1 connectivity.
C « # Analog, serial & alarm outputs.
» PCinterface reporting software.
() ] () Al A () ote > » Import & export files - between
Max Il and MiniMax. £
/] : a - o N O O /l : a a - . » Li-lon ﬂ(&gAA
" chy battery
A 0 backup option.
W P> 2year
warranty.
»
» O C
A a 9
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11. 0HQl HE Aldl

Flange Applications




11. 012 HE Al

Aerospace Applications

« Lockheed Martin/Boeing — Turret 575 (Final Starwars project)

— Attached a turret to the front of a 747. The turret held the gun
portion of the chemical laser.

— Dakota Ultrasonics MAX was used to accurately monitor the load in
turret bolts.



11. 0HQl HE Aldl

Aerospace Applications

NASA Dryder

NASA Dryden Fiight Research Center Photo Collection
hitp: dfrc.nasa. html
- june 28, 2002  Photo by: Jim Ross

The Space Shuttie Endeavour, mounted securel 's modified Boeing 747 Shuttle Carrier Aircraft,

NASA Photo: EC02-01
The Space Shuttie Endeavour, mounted se 747 Shuttle Carrier Aircraft,
left NASA's Dryden Flight Research Center at Edw: ia inrise on Friday, June 28,

one of NASA's
left NASA's Dryden Flight Research Center at Edwards Air Force Base in Southern California at sunrise on Friday, June

« NASA space shuttle — Was fastened to the back of a 747 for
transportation back to Florida.

— Mini-Max was used on the shuttle prior to take off and during this
transportation phase.



11. 0HQl HE Aldl

Power Generation Applications

« Picture A — Boiler Feed Pump
* Picture B — High Pressure Feed Water Heater



11. 0HQl HE Aldl

Power Generation Applications

* Picture A — Pressure Vessel
* Picture B — Steam Turbine Inlet Flange



11. 0HQl HE Aldl

Hydro Power Applications

e Picture A - Nozzle on Pelton Turbines
* Picture B — Turbine Coupling
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Press Applications

Picture A & B — Forging Presses (5,000 ton)



11. 0HQl HE Aldl

Press Applications

* Picture A & B — Foam Injection Molding Presses



11. 0HQl HE Aldl

Compressor Applications

* Picture A — Connecting Rod bolts
e Picture B — Anchor Bolts



11. 0HQl HE Aldl

Compressor Applications

* Picture A - Centrifugal Compressor
e Picture B — Anchor Bolts
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Mining applications

Picture A — Power Shovel

Picture B — Dragline



11. 0HQl HE Aldl

Mining applications

« Picture A — Dragline Drums to raise hoist
« Picture B — Dragline Drum



11. 0HQl HE Aldl

Mining applications

« Picture A — Split gear on cement klin
» Picture B — Gyratory crusher



11. 0HQl HE Aldl

Petrochemical applications

* Pictures A & B — Heat Exchangers



11. 0HQl HE Aldl

Petrochemical applications

* Picture A — Reactor Cover
» Picture B — Dehydration Tower
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