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wwaUfann (Proportional Limit) (30, 32, 43)
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Iﬂﬂﬁaﬂaoﬂﬂsﬁawdg (Modulus of Elasticity) (2, 30, 31, 32, 33, 39)
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MECHANICAL PROPERTIES OF MATERIALS

Property, or SyrdRal Definition Common units

characteristic - (or comments) English SI

Stress o Force/unit area ) psi* - pascal*
(FlA) 1b,/in.2 (Nt/m2)

Strain € Fractional deformation (AL/L) —_ R—

Elastic modulus Y Stress/elastic strain psi . pascal

‘Strength : Stress at failure psi pascal
Yield YS “Resistance to plastic deformation
Tensile TS Maximum strength

: _ (based on original dimensions)

Ductility Plastic strain at failure — i
Elongation El (L, — Ly)/L, :
Reduction of & )
area - - Rof A (A, — ADlA, : f

Toughness - Energy for failure by fracture ft-1b joules

Hardness}

Resistance to plastic mdeptatnon Empirical units

* | pascal (Pa) = 1 newton/m? = 0.145 x 10-3 psi; 1000 psi = 6.894 MPa.
t A load of 1 kg mass produces a force F of 9.8 newtons (N) by gravity.
t Three different procedures are commonly used to determine hardness values:

Brinell (BHN):

A large indenter is used. The hardness is related to the diameter (I to 4 mm) of

the indentation.

Rockwell (R):

load.
Vickers (DPH):

A small indenter is used. The hardness is related to the penetration depth.
Several different scales are available, based on the indenter size and the applied

A small diamond pyramid and a very light load are used. The indentation size

is measured under a microscope.
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AsTiAszwuaya (Data Analysis)

RAW DATA
1. PERMACHROME
OVEN ELECTRICAL FLAME

HEAT-TREATED HEAT-TREATED HEAT-TREATED CONTROL

VALJE FREQUENCY VALJE FREQUENCY VALUE FREQUENCY VAL UE FREQUENC v

250 1 175 1 220 1 45 2
265 2 180 3 230 2 50 1
270 1 185 2 235 1 55 1
215 5 190 1 240 1 50 2
285 4 195 2 245 1 55 2
255 5 200 7 250 2 70 7
305 3 205 3 255 4 75 4
315 1 210 4 260 3 80 5
320 1 215 1 265 2 35 i
335 2 220 3 270 4 90 4
345 3 225 2 275 1 100 1
360 1 230 1 280 2
365 1 285 1
375 1 290 1

295 1

305 1

e 1

320 1
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2. NUBRYTE

OVEN ELECTRICAL FLAME

HEAT-TREATED HEAT-TREATED HEAT-TREATED CONTROL
VALUE FPEQUENCY VALUE FREQUENCY VALUE FREQUENCY VALUE FREQUENCY

160 135

1; 3 120 H 35 1
170 4 140 7 125 . 40 "
180 3 145 2 130 1 45 3
185 1 150 1 135 2 50 14
190 2 155 2 145 2 55 5
195 2 160 2z 150 1 60 3
200 1 165 2 155 2 75 1
205 2 170 2 160 2 80 1
210 2 185 5 170 2
215 2 190 1 175 &
220 2 195 1 180 2
225 1 200 1 185 4
235 2 215 1 190 1
240 1 195 2
255 4 200 1

210 !

215 1

230 1

3. BLUE ELGILOY
OVEN ELECTRICAL FLAME
HEAT-TREATED HEAT-TREATED HEAT-TREATED CONTROL

VALUF FREQUENCY VALUE FREQUENCY VALUE FREQUENCY VALUE FREQUENCY
240

2 170 2 130 2 40 3
245 1 175 1 135 1 45 5
255 3 185 3 160 1 50 9
260 2 190 1 165 2 55 12
265 4 195 3 170 1 60 1
275 b ¢ 200 3 175 1
285 2 205 . 4 180 3
290 2 210 2 185 3
295 3 218 1 190 1
300 1 220 2 195 2
305 2 230 3 210 2
315 1 235 1 215 1
245 1 220 3
250 3 225 3
235 1
240 1
250 2
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4.' REMALO@Q BLUE

OVEN ELECTRICAL FLAME

HEAT-TREATED HEAT-TREATED

HEAT-TREATED CONTROL
VALUE FREQUENCY VALUE FREQUENCY VALUE FREQUENCY VALUE FREQUENCY
650 I 450 2 260 3 50 1
660 2 460 1 265 1 55 5
665 2 475 1 270 3 690 9
670 2 480 3 280 2 65 9
680 1 490 1 290 2 70 4
685 2 495 1 300 2 80 2

695 2 505 4 305 1

700 i 510 1 310 2

705 1 515 1 315 1

710 1 520 1 320 1

715 1 525 2 330 1

720 1 530 2 340 1

745 1 535 1 345 1

755 1 540 1 350 3

765 1 550 1 355 1

770 2 560 1 360 1

175 1 590 & 370 2

780 1 600 1 380 1

785 1 610 1 390 l

790 1 615 1

800 2 620 1

815 1

825 1
STATISTICS

1. PERMACHROME, OVEN HEAT-TREATED
ME AN 303.000 STD ERR 64101 MEDT AN 295.000
MODE 275.000 STD DEV 33,415 VARIANCE 11164552
KURTOSIS =-.598 S E. KURT .833 SKE WNESS 0655
S E SKEW W427 RANGE 125.000 “MINIMUM 250.00C
MAXIMUM 375.000 SUM 9090.,000
2. PERMACHROME, ELECTRICAL HEAT-TREATED

MEAN 202.500 STD ERR 2.688 MEDIAN 200 .000
MODE 20C.000 STD DEV 14.724 VARIANCE 2164810
KURTOSIS -.664 S E KURT .833 SKEANESS -.061
S E SKEW 421 RANGE 55,000 MINIMUM 175.000
MAXIMUM 230.000 SUM 6075.000



3.

MEAN
MQODE
KURTO SIS
S E SKEW
MA X IM UM

4.

MEAN
MOOE
KURTQSIS
S E SKEW
MAX IM UM

54

MEAN
MODE
KURTOSIS
S E SKEW
MAX [M UM

6

ME AN
MODE
KURTO SIS
S E SKEW
MAXIMUM

7

MEAN
MODE
KURTQ SIS
S E SKEW
MA XIM UM

8.

MEAN
MAODE
KURTO SIS
S E SKEW
MAXIM UM

9.

ME AN
MODE
KURTOSIS
S E SKEW
MA XIM UM

PERMACHROME, FLAME HEAT-TREATED

265.161
255.000
.100
421
320.000

12.6617
70.000
-+021
.427
100.000

NUBRYTE,

206.333
170.000
~ 2931
4217
255.000

NUBRYTE,

161.667
140.000
-.774
4217

STD EFR 4424
STD DEV 24.229
S E KURT .833
RANGE . 100.000
SUM 7955 .CCC
PERMACHROME, CONTROL GROUP
STD ERR 2.453
STD DEV 13.438
S E KURT 833
RANGE 55000
SUM 2130.000
OVEN HEAT-TREATED
5TD ERR 5.246
STD DEV ~ 28.736
S E KURT .833
RANGE 95.000
suM 6190.000
ELECTRICAL‘HEAT—TREATED
STD ERR 44196
STD DEV ' 22.982
S E KURT .833
RANGE 80.000
SUM 4850 .000

215.000

NUBRYTE, FLAME HEAT-TREATED

168.833
185.00C
- 649
427
230.000

NUBRYTE, CONTROL GROUP

52.000
50.000
3.494
0(027

80.000-

STD ERR 54229
STD DEV  28.638
S E KURT «833
RANGE 110.00C
SUM 5065 000
STD EPRR 1.637
STD DEV 84964
$ E KURT .833
RANGE. 45.,0CC
SUM 1560 .000

BLUE ELGILOY, OVEN HEAT-TREATED

215167
275.00¢0
"06‘05
427
315.00C

STD ERR 3.600
SID0 DEvV 19.717
S E KURT «833
RANGE 75.000
SUM 8255.000

MEDIAN

VARTANCE
SKEWNESS
MINI MUM

MEDI AN
VARI ANCE
SKEWNESS
MINIMUM

MEDI AN
VARTANCE
SKEWNESS
MINIMUM

MEDIAN
VARTANCE
SKEWNESS
MINIMUM

MEDIAN
VARIANCE
SKEWNESS
MINIMUM

MEDIAN
VARIANCE
SKEWNESS
MINIMUM

MEDIAN
VARTANCE
SKEWNES S
MINIMUM

147

2624500
587.040Q

«434
220.000

72,500
180.575
45,000

205,000
825.747

298
160,000

157.500
528.161
588

135,000

1L12+500
820.1%44

«049
120,000

50.00¢C
80.345

1.348
35.000

275.000
388 .764

« 064
240.000



10.

ME AN
MODE
KURTOSIS
S E SKEW
MA XIM UM

11,

MEAN
MODE
KURTOUSIS
S E SKEW
MAXIM UM

12,

ME AN
MODE
KURTO SIS
S E SKEW
MA X IM UM

13

MEAN
MODE
KURTD SIS
S E SKEW
MAXIM UM

14.

ME AN
MADE
KURTOSIS
3. F SKEN
MAXIM UM

15.

ME AN
MODE
KURTOSILS
S E SKEW
MAXIM UM

16.

MEAN
MODE
KURTO SIS
S E SKEW
MAX IM UM

BLUE ELGILOY, ELECTRICAL HEAT-TREATED

208.667
205.000
- 682
427
250.000

BLUE ELGILOY,

195.000
180.000
~+539
427

‘2so.ooc‘

BLUE ELGILOY,

50.500
55. 000
-.449

427
€0.000

5TD ERR 4.261
STD DEV 234339
S E KURT .833
RANCE 80.000
SUM 6260.,000

FLAME HEAT-TREATED

STD ERR 6.084
STD DEV  33.322
S E KURT .833
RANGE 120 000
SUM 5850, C00
CONTROL GROUP

STO ERR <969
STD DEV 5.309
S E KURT .833
RANGE 20.000
SUM 1515.000

REMALOY® BLUE OVEN HEAT-TREATED

7126.833
€60.000
~-1.376
427
825.000

STD ERR 9.300
STD DEvV 54.226
SOty 833
RANGE 175.CCQ
SUM 21805 ,000

REMALO%E)BLUE, ELECTRICAL HEAT-TREATED

524.833
505,000
—0529

<42 7.

620.000

STD ERR 8.891
STD DEV 48.698
Sieunduniy «833
RANGE 170.000
SUM 15745 .000

REMALO@ BLUE, FLAME HEAT-TREATED

314.833

260.00C.
=12226.

427
39C.00¢0C

STD ERR T 344
STD DEV 404225
S E KURT .833
RANGE 130 .000
SUM 9445.00C

REMALO\® BLUE, CONTROL GROUP

63.000
6C.000
«907
427
80.000

STD ERR 1.259
STD DEV 6.868
S E KURT .833
RANGE 30.000
SUM 1890.000

148

MEDIAN  205.000
VARIANCE 544.713
SKEWNES'S 292
MINIMUM  170.000
MEDIAN 192.500
VARIANCE 11104345
SKEWNESS  -.268
MINIMUA 130,000
MEDIAN 50.000
VARIANCE  28.190
SKEWNESS  -.581
MINIMUM  40.000
MEDIAN 712,500
VARTANCE 2940.485
SKEWNES S 0262
MINIMUM 650,000
MEDIAN  517.500
VARIANCE 2371.523
SKEWNESS 527
MINIMUM 450,000
MEDIAN  310.000
VARIANCE 1618.075
SKE WNE 5 204

MINIMUM  260.000
MEDI AN 62,500
VARIANCE  47.586
SKEWNESS 706
MINIMUM 50,000
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A1 ads (Mean) sduiflveivuvnasgiu (Standard Deviation) uarduysz@ng
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Aruulsysau (Coefficient of Variation) wavwdmaunei wnda udavlumisie
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TYPE OF HEAT TREATMENT X S.D c.V.
1. OVEN HEAT-TREATED 300.417 24,887 8.284
2. ELECTRICAL HEAT-TREATED 202.500 10.935 5.400
3. FLAME HEAT-TREATED 263.958 £5.321 >'5.804
4, CONTROL ISP 8.928 L2,175

Aa1sef 23 udavdvanady (X) adunﬁuotuuuﬂnsgﬂu (S.D.) uasduysc@ng
> o o (3 »
A udsdsau (C.V.) vavsurausIuayign FonrInarnlaeme
WuRnSsuIANY LWABUUaETIIAN2S ANBNAVNTIVTEHIUAIUS D UL
A9 | Tuaan inasunTasw (Permachrome, UNITEX CORPORATION)

o4 . il 8 (™ > c g <
(dadnadv LnandAigugauacsaigaoanldaiuas 10 1Uas LHun
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TYPE OF HEAT TREATMENT X S.D. C.V.
1. OVEN HEAT-TREATED 205.208 |22.864 11.142
2. ELECTRICAL HEAT-TREATED 159.792 1{18.266 11.431
3. FLAME HEAT-TREATED 168.333 [20.834 12.377
4. CONTROL 51,250 3.970 7.746

o 3 § P~ ~5 $ of
AN 24 udaviivanade (X) duLbBe LuuLIAS3u (S.D.) uwasduussand

AUSYsIY (C.V.) naviutausvuasiga BonrlnaraTavniy

WuAnssudanu Ldvugdasivanis AIBNAVAISUTERNIUAT NS BULYY

a1v 9 luaaaylusn (Nubryte, G.A.C. INTERNATTONAL INC.)

o & oo LARY: > 4 4
tadamdv LARRTAgudauataigaanluauas 10 ‘UDS Lun

TYPE OF HEAT TREATMENT X S.D. 0.5
1. OVEN HEAT-TREATED 275.208 | 14.025 5.096
2. ELECTRICAL HEAT-TREATED 208.125 | 16.863 8.102
3. FLAME HEAT-TREATED 196.458 | 22.864 |11.638
4. CONTROL 51.042 3.895 7.631

. : - . J J
A3 25  udavdvaiadn (X) FwUsv iwunIAsgu (S.D.) Fuuss@ndarw

L d J ° v > o
wdsysau (C.V.) VBIBUNAWSIUDENFR ﬂow11na1anuﬂﬂuwunﬂssu

Yoy 1wlBugUasvas NIYRAVNTIVITHIUAIUSDULLLATY 9

luaandafasudin (Blue Elgiloy, ROCKY MOUNTAIN/

ORTHODONTICS) LﬁaﬁhdﬁﬁhLﬂﬁ#ﬁdﬁﬁ@ﬂﬂua:dﬁqwaaﬂlﬂﬁwua:

© @ -
10 1U29 1 Tun
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|
TYPE OF HEAT TREATMENT X S.D c.vV
1. OVEN HEAT-TREATED 724 .792 | 45.480 6.275
2. ELECTRICAL HEAT-TREATED 522.500 |35.386 6.772
3. FLAME HEAT-TREATED 313.542 |32.919 | 10.499
4. CONTROL 62.500 4.423 7.077

‘ N\ S/ 4
ans9f 26 uaeavdivatiady (X) @quidsvisuniasgiu (S.D.) uasduuszdnd
v A o v v
altuudsysau (C.V.) wavBulIausIuasngn Fonrinaralavne
o o =l » v et
FuanssudaNy LAnuglas1vanas ANendunssyIERIUAIUSIULLY
AT 9 1uazn 1susassda (Remalo)sE blue, DENTAURUM)

- o ados * ‘o ~ - -
(adaAde Lnadagugauazaigaaanlaiuaz 10 1as LTuR

ONEWAY ANOVA/SCHEFFE .05
1. PERMACHROME
GROUP 1 OVEN HEAT-TREATED
GROUP 2 ELECTRICAL HEAT-TREATED
GROUP 3 FLAME HEAT-TREATED

GROUP 4 CONTROL

ANALYSIS OF VARIANCE
~ SWM 0OF ME AN F F
SOURCE D.F. SQUARES SOQUARES RATI O PRQOB.
BETWEEN GROUP§ "3 918188,.3333 306062.7778 582.7056 .,0000
WITHIN GROUPS 116 60923.3333 52542443

TOTAL 119 979116.6667
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SCHEEFE PROCEDURE
RANGES FOR THE 0.050 LEVEL -

SUBSET |
GROUP -~ GRP 4
MEAN 72.6667
G606 3 e B
R F F R SUBSET 2
PP PP
GROUP GRP 2
ME AN © GROUP 4 2 31 ME AN 202.5000
72.6667 CRP 4
202.5000 gep 2 * SUBSET 3
265.1667 GRP 3 * . X
30 3.0000 GRF 1 XL _ GROUP GRP 3
ME AN 265 .1667
SUBSET 4
GROUP GRP 1
ME AN 303.0000
2. NUBRYTE
GROUP 1 OVEN HEAT-TREATED
GROUP 2 ELECTRICAL HEAT-TREATED
GROUP 3 FLAME HEAT-TREATED
GROUP 4 CONTROL
ANALYSIS UF VARIANCE
suUM OF . MEAN F e
SOURCE DeFe SQUARES SQUARES RATIC PROB.

BETWE EN GRAUPS - 3 397112.2917132370.7639 234.8669 .0500
WITHIN GRDUPS 116 65377.50C0 563 « 5791

TATrAL 119 462489.7917



SCHEF FE PROC EDURE
RANGES FOR THE 0.050 LEVEL -

SUBSET 1
GRQAUP GRP 4
ME AN 52.0000
66 6 SEE s s .
R R R R
st ,
A JBSET 2
|
MEAN GPOUP 4 2 3 1 gg,?;j" GRP 2 GRP 3
S L6l .6667 168.3333
52.0000 GRF 4 R T I,
16 1. 6667 GRP 2 *
168.8333 GRP 3 * SUBSET 3
206.3333 GRF 1 * * bbocts S
MEAN 206.3333
3. BLUE ELGILOY
GROUP 1 OVEN HEAT-TREATED
i GROUP 2 ELECTRICAL HEAT-TREATED
GROUP 3 FLAME HEAT-TREATED
GROUP 4 CONTROL
ANALYSIS OF VARIANGE
suM OF MEAN r .
SOURCE D.F. SQUARES SOUARES RATIC PROS.

BETWEEN GROUPS 3 805558.3333 2685194444 518.3744 .0000

WITHIN GROUPS 116 60083.3333 518.0029

- TOTAL L19 B865646.6661




SCHEF FE PROC EDURE
RANGES FOR THE 0.050 LEVELI -

154

SUBSET 1
GROUP GRP 4
G G GG b =
R R R R REAN - 505008
P P PP '
ME AN GROUP 4 3 2 1 SUBSET 2
5$0.5000 GRP 4 GROUP GRF 3 GRP 2
195.9000 GRP 3 * MEAN 165.0C350 20R.666T7
20 BoHHAT GRP 2 =% T
27541667 GRP 1 % %k
SUBSET 3
GRO WP GRP 1
ME AN 275.1667

4. REMALO%E)BLUE
GROUP 1 OVEN HEAT-TREATED
GROUP 2 ELECTRICAL HEAT-TREATED
GROUP 3 FLAME HEAT-TREATED

GROUP 4 CONTROL
ANALYS IS OF VARIANCE

SUM OF MEAN £
SOURCE D.F. SQUARES SQUARES RAET1O

BETWEEN GROUPS 3 7290245.625 2430081.875 1393.0615
WITHIN GROUPS 116 202352.5000 464181

TOTAL 113 7492598.125

PRDB .,

<0200
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RANGES FOR THE 0.050 LEVEL -

SUBSET 1
GROUP GRP 4
ME AN &3 .0000
G 6665 SUBSET 2
R R R R
PPPP? GROUP GRP 3
ME AN 314.£333
ME AN GROUP 4 3 2 1 e e B e o M &
63.0000 GFP 4 SUBSET 3
i 31 4.8333 GRP 3 %
52 4.83373 GRP 2 * X GROUP GRP 2
725.8333 GRP 1 L ME AN 524 .8333
SUBSET 4
GROW - GRP 1
ME AN 726.8333

. e



4 ' ) ¢
T = TEST
1. OVEN HEAT-TREATED T E Y ¥ POULED VARTANCE ESTTWATE * SEPARATE VARTANCE ESTTHATE
* A . * =
VART ASL NU MBE R STANDARD STANDARD * F Z2-TATL = ¥ 3 DEGREES OF Z7-TATL : f 8 DEGREES OF Z-TATL
TASLE OF CASES MEAN  DEVIATION CRROR % VALUE PROB. = VALUE FREEOOM PROB. * VALUE . FREEDOM  PROB.
FORCE DEFORMATION FORCE b A - § . SMESISI——
RIS S ST S S w05 il s "“‘"'“"“‘"'—" » ’—6 7 S '7';"7 1"'0' i il el 7:‘5'5-07 * * =
s = e £ 16,06 0.0 % -8.00 118 0.000 * ~-8.00 66.32 0.000
GROUP 2 £0 SOT;0000 23T-30% 35.867 7% * :

2. ELECTRICAL HEAT-TREATED

/L =T
7%

* POOLED VARIANCE ESTIMATE * SEPARATE VARIANCE ESTIMATE

*

*
v AP NUMBER STANDARD STANDARD * F2-TAIL *= T  DEGREES OF 2-TAIL =* T DEGREES OF 2-TAIL
S OF E‘ASES MEAN DEVIATION ERROR _* VALUE PROB, = VALUE  FREEDOM PROB. * VALUE FREEDON PROB.
FORCE DEFORMATI ON FORCE T X = LAAN/ i f -
GRQUP 60 132.0833 28.108 3.629 = 3 * .
guEt- L RS % 33.98° 0.0 * -3.60 118 0.000 ¥ ~-8.60 5747 0.C00
GRQUP 2 - 50 366.7500 163.851 21,153 * ¥ =
4 * * *

~ ¥ PUOLED VARTANCE ESTIMATE ¥ SEPARATE VARTANCE ESTIMATE

3. FLAME HEAT-TREATED = * x
VARTABLE = T NUMBER T T T U STANDARD T STANDARD X F =TATC % & DEGREES OF Z=TATL * I DEGREES OF  "2=TAIL
OF CASES MEAN DEVIATION ERROR  * VALUE PROB. * VALUE FREEDOM PROB. = VALUE FREEOOM PROS.
FCRCE  DEFORMATION-FORCE % : >
GROUP 1 60 217.000% L1 T R 7 ) 0 T S ? ST
- » *  1.64 0.061 ¥ -3,27 118 0.001 = -3.27 L11.51 0.001
SROUP 2 50 254.9167 70.654 0% ¥ | s o I B o
= x o
GROUP 1 AUSTENITIC STAINLESS STEEL WIRE g

GROUP 2 COBALT-NICKLE-CHROMIUM ALLOY WIRE
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