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Equation R Sy.x. B SE B

18R 0.016x0.016 51

Simple closed loop 53.90 | 203.79 | 2.06

Closed loop vith he | 26.30 | 111.48 | 1.01

T loop 26.45 | 52.55 | 1.01
Double de 82.97 .} 1.55
U8 0.016

Simple closg D9t 96 | 7s. 291.00 | 3.04
Closed loop ) ' 220.59 | 1.96

T loop .31 | 106.23 | 1.54

Double delta 1725268 | X.51

egression equation ),
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Sy.X. B SE B

7478 0.018 x 0.

simple °1W 4GRS 3.85 | 16.42 | .15
Closed loop i 2.8 dct| 298| 10.05 | 32.82 | .38
T loop . .14 ) 22,47 .27
Double delt { ir-asin nv 98| 7.80 | 25.71 | .30
au1R 0.0

simple cl 'F_'-j" oW 4.43 | 26.00 | .17
Closed loop nf,a 235.7 dct| hoa| 7.94 | 35.66 | .30
T loop .29 | 33.59 | .39

Double delta —~ - .10 | 34.09 581

n17w4n 19 uﬂaqdu Tnanaﬂt . near iggress1on equation ),

SO TE) ke maiea
VIR e Ty,

error of sl ope, SE B TENIINIRIAL T TULBIA T UN 1 TUTUR A
¥

Aamuningy  819% mwIA 0.016 x 0.016 WA¥ 0.018 X 0.022 w7

uuy  Simple closed loop, Closed loop with helix, T loop

uaz Double delta loop




113

v { -uv o
1.2.2 WIAIARNUUGUARLAUNITAANAAL TS LARTAY NANHATRIN
R ' g i a
dun17asAatii Y = b X + b, X + b_ (19790 20-21, TUn 80-83uUav86-87)
o & v v
N, AINENWUOUASANNITAANAALEILAUTANIBIIUIALTY
4 Ay v o Yl ' <~
NMNTLNIRAWARIUBTRIRITERIUNLTEa2N1TUTURIA WU IRIALTITUUBITERIUN
R TS | ' J

n1ﬁuﬁuwuﬂnuﬁqu1n(0 99-1. 0&{\\ ,;)’n1aawe HAZATAIINARIALARAUNTIRTSIU

0 016 #7 Wul1 wuu Simple

closed loop ﬁﬁﬁy ) \151 Woume delta loop(14.03),
68) uik Th;333~s1. ATNATRL  ATATRIA

Y ' <
losed\Y!bp uawu1nn§a ( 31.62 )

2290171 TENINAY (s,  ywad 1atu1a
E

Closed loop wit

0.016 x 0.022
F8989%7  1aun 0P, . ix (22.57), Double delta loop

(20.21) uae T lo

3 p A w 4
WU nu"ﬂll'ﬁl’[uuuﬂﬂ\luﬂ'J'luauwuﬁ

; ' 4
\'—m'];l'\uﬂaqﬂlﬁaﬂu“"ﬂ"i'\uﬂa\i

WU11  uuy Closed loop

Kl T
nniunﬂnaﬂunuﬂuuﬁuuu1aqnﬁitfzn11‘

f|..!f<
_LTRIIN I

fiugauan ¢ 0. 9937 1400 ) 1uﬁﬁnaﬁn1 187

% O

N7 TEN AN (S 5 ) 18YAIAINIA 0.016

with helix ﬂdwuijﬁﬁa (6.14) 7a4avN" 15uﬁﬂJT loop ( 4.80 ), Simple

closed loﬁ uﬁ)ﬂ\lqma ? ﬂs RAINATAL  AIATUIA
Closed

0.016 x 0.022 U¥2 WU Uul oop w1th elix unﬂuwnnﬁa ( .17 )

"R M“ﬂ"?ﬂﬂ BT N g e o0

uaz T loop (3.82) AINATAU (H17797 21)
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Equation

X
TU7R 0.016 x 0.016 W2

Simple closed loop

Closed loop with helix
T loop

Double delta loop
UM 0.016 x 0.022 51
Simple closed loop
Closed loop with helix
T loop

Double delta loop

SE B
Act Act® Act | act®
104.34 41.04 3.39 1.36
66.08 18.74 212 .85
1.46 21.09 1.19 .47
6.23 31.867 2.18 .87
143.76 60.77 4.92 1.97
127.74 38.32 3.51 | 1.40
29.91 31.49 2.16 .87
103.91 28.21 3.14 1.26

4 ‘ T
179N 20 udaqﬂ£a17nnnaa

@Mﬂ%%ﬁs Ml

AR TR ST T e = e

SE B) 7M1 BUIAUTITHUKITERIMLAE N1 TUTUR IRRALUNTAE Y awwﬂ

X
e 0.016 x 0.018 uas 0.018 X 0.022 )

closed loop, Closed loop with helix,

delta loop

on lineﬁi regression equation),
ﬁaauu1a131una¢ﬂ11

¢8en151U5ua74 (B)

wuy Simple

T loop ua® Double
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B SE B

Equation R S

Act Act Act | Act

o
1414 0.016 X 0.016 Ul ‘§

Simple closed loop 15.08 .56 | .59 | .24

Closed loop with heli 16.74 | 6.63- | .96 | .38
T loop 11.78 4.41 .75 .30
Double delta loop 11.87 | 5.71 | .58 | .23
4R 0.016 x 0.022 E
Simple closed loop 25.76 .10 | .69 | .28
Closed loop with helix 25.55 | 4.17 | .96 | .38

T loop 14.32 | 7.96 | .59 | .24

Double delta loop 21.78 | 5.08 | .83 | .33

g —— o : :
R1T79N 21 uﬁaeﬁu£)1nanaﬂl on 11neig regression equation),

1k TR (T

f

4
ARTRS ey T Ty,

auunTniy 819% muIM 0.016 x 0.016 WA 0.016 X 0.022 1
uuy  Simple closed loop, Closed loop with hglix, T loop

uas Donble delta loop
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1.2.3 a1n§agadnﬁﬁ&utanaﬁn('§ ) DAYIUIANTITHURITERY
< o o ' o . ﬁ ' o ) ]
URLUUIAY NUTLBENITUTURIARIYT N UINAAIL unT W TannutUTauLNauN T
o ¢ ; ) I'4
LRUATINTAIINNTTILATIEAR 1 TNANAEL BV L HURUN T AUTANTARIANITI LATIZNH
v : < v ‘ ]
NITAANAALESLANTAY TIUAAIDIAIIMANHUT TENT 19 IUIAL TITHURITEU (HE) Uas

< - u Lt ¥
WRIAY(VE) MuTeaznnTliuaia(Act TR T TR TERTUUATIRIAY LU T

se

4 £ % N
LHRTEESNITUTURIALWNTY UAZ L
qun1TnAnaEL T iy

NUATNTOIN L ADANAT AT : IRNNITOAARELBILAL N1 TUIALTY

AUEINENTNYINT
RIANTIUNAIING1AY
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o b e R

: | H-203 79432 ﬁcf
T e B ke R
400
200
b 4
05 10
Sirﬁple closed loop
SE.= 53.89807 *
-, Hf(g)
Nsgr il H. (5255273 Act a I e .
6 :
o 20 25 30.
u ’Wﬂqﬁéf Acibem)
T loop - - .Double delta Jop

ﬂ”ﬁ"’l’aﬁﬂ‘im mﬂﬂ’ﬂ‘ﬂﬂ‘ﬁﬂ

4 @ J - o
zll'ﬂ 80 n'rmuam\m'nué’uwut?-:swnenu'mu'u‘luuu'nsu'm (Hf) nugeaenTUTy
i { ; 7 X
AMAAUUNTAEY 8178 (Act) TuIA 0.016 x 0.016 #7 uuu Simple
closed loop, Closed loop with helix, T loop Uuar Double

delta loop




~ 8730 _':;;_‘_‘if:EQQ-??ZZO_ égt____»‘__‘:-_.._- _,F S i : % 5
. '%:;39_9 _ Ko
a0 |
200 |
_0' 9-5 1.0

Simple closed loo
" SE.=79.53526

| Hf(g)
R e T SO i
200 | 4§ X
 ° 05 10 15 20 25 30
‘4-\cf(mm) = Act(mm)
T@D‘WW ANIRI NWT}%@@@&I
S.E. %/40,30729 SE.=39.435%

4 - ‘ . - -

zun 81 ATIMUAAIAIINTNWUT TENI1NIUIAL TITRURITEUY (HE) auTzaLn1TUTY
¢ 2

a‘aAavuNTINEL 2171 (Act) muIe 0.016 x 0.022 W2 Wy Simple

closed loop, Closed loop with helix, T loop uar Double

delta loop



W R T

5 | oSV 328I685 A0 D

40 ¥
2 o L
04 — ! N V‘ 4 i
: 05 107 458 AN . [ 30

Simple closed loop g " Closed loop with helix

SE.= 3.85029 L N\ .= 10.05310

s \ '
_Vi(g) Vg
( L) Vi=2571282 Act =

: V§=22.473 : " sl
e .
60 D

, : -
40' - o A s 40;‘
-| _MEYINININYINSS
(0] & M & 28 . £ QF :
| | 5 20 25 30
F AN ITERN 1IN R Y Act )
| _
T loop ; Double delta loop -
S.E = 71446l ‘ i SE. = 78062

¥ : o § ' Ql o v

zth'% 82 NTIWUAAIAIINRNWRTTENIINIVIALTITUURIAY ¢ VE ) nuszasn1TUTY
{ v

a7MAAUUNTATY 8170 (Act) BWIA 0.016 x 0.016 %7 uuy Simple

closed loop, Closed loop with helix, T loop War Double

delta loop



Kot

40

20

o B

Vf(g)

,, (1;_;v«g> st s S T
TEEAR Y Vf-356608l Aa__*_ 5

G5 10 15 zn 25 30
~ Adi(fim)

%)sed bop with hehx
S -

793601

Simple closed loop
S.E.= 442883 '

: 3 Ioop' . Double delta loop
S.E.= 10.28976 o . S.E.=8.10072

4 - ( U 3 Q. - -

zﬂn 83 NTMUAAYAIINTUNUTTENTINIWIALTITUURIAY ¢ VE ) fuTzaznaTiiuy
: 2

araAauvuNINTY 8141 (Act) 3478 0.016 x 0.022 ¥2 uwu Simple

closed loop, Closed loop with helix, T loop uar Double

delta. loop
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o < w &
1.2.4 URAINITLUTEULNAVAI INANWUG DAY IUIALTITHULRT
4\' o o 1w 1 41
FEWIUCHD) UasuuIav(VE) nuTzaen17UTuURIa (Act) naqnquaoaa1enuuuunaagﬂ
A9 9

n. RINANNTTNANABLTNLEN Tualaau1a 0.016x0.016

¥ 4 S 4
%7 (R1979N 84) LAY IUIA O 2 U2 (R1714N B85)

JLFAUTAY TUA2ATUTA

2 | —— : T T——— )4 d
0.016 x 0.016 m(nyf ‘ W 0.022 U1 (R1779N 87)
172U DA IAIRTINAEIIUIA WUIT  Simple

closed loop !

loop with helix,

Double delta INAUNITARNAALTL UUASY

LB LARTAY

ﬂanam?u%’u WATAIATUIA ' LY !ﬂ\lﬂ“l"\ﬂ'ﬂ')ﬂﬁ'uﬂ'ﬁnﬂﬂﬂﬂ

LB9LARTAY uumﬂ;geosed lnnp wib cLICERERTY 1auN

Double delta loop, T loop uaz “1oop AIMAIAY WANTIMAN

'mm')'mcmaaLiuﬁ‘umqnaqa'mnma 0.016 x 0. 022&1 ARuwLIY T loop 1““1\!

albs ’Fl“lﬂEf"'J WEJ‘V]?W 81173
awm\aﬂmumqwma d
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ety ]

fl
5

1

11]11 84 n‘:'muamm'sLﬂmuLnaua11u§uwuﬁ'rummu'muw'luum-: WIUCHEY (M)
¢ {

uasumm(Vf) () fuTesen17Uiuaia (Act)  eauunTniu a17d U718

0.016 x 0.016 #7 uuu Simple closed 1loop (ﬂ_), Closed loop

with helix (A, T loop (G® uaz Double delta loop (4N

RINAUNITNANBELTNLAY
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600 |-
400
: n
200
0 _
30
t(mm)
- #xj
NE
&
2O
LA
i f
ikl -
100 = 7 L
b A it
- (l /
B

AueIpdisnens
RN TN TINERS

P ‘ : o ¢ R
gﬂn 85 n11uuﬁaanw1tﬂ?aukﬁaun11u§uwuﬁ1su1quu1au101uuu11=uﬁu(Hf) n)
- o ~ ¢
URSUWIAN(VE) (3) nuTzasn17UTURIa (Act) Aauungndy 2191 1u7A
0.016 x 0.022 U7 uuu Simple closed loop ([l), Closed loop
with helix (ﬂ_), T loop (Gc) WAz  Double delta loop N

ANRNNITAANAE LTS L 1L
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S e

ﬂu qm‘%’wmm

2.5

Q‘Imﬁ\?ﬂ‘ifu N?ﬂ']’)ﬂ%l%?;l

1ﬂn 86 n11wuaa¢n11Lﬂ1auxnaun11uiuuuﬁ1 WA IRIALTITUURI TERAL (HE) (M)
: : : ;
uasuunaq (VE) (2) nuizezn17Uiuada (Act) AauunIniu 817%  uIa
0.016" x 0.016 2w Simple closed 1loop d]_), Closed loop
with helix (B, T loop @™ uar Double delta loop (4

RINFNN1TAANAELTVLEUTAY
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ﬂu ﬂﬁ‘WEﬂﬂ‘i

amaﬂﬂ'smummﬁwa

zﬂﬂ 87 NI uuAAINITLUTALL RBuAI N ENHUT TEN I 19 TUIANTITRULATERAY CHE) (1)
UAZUWIAY (VE) (1) Fussasnimi¥uate (Act) AauunIndu a19d  pua
0.016 x 0.022 51 uuy Simple closed 1loop (1), Closed loop
with helix (&), T loop (32) uar Double delta loop (A_)

AWANN1TAANAE LB LHUTAY
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' 4
1. 255 "\'\ﬂﬂﬂﬂ'ﬁﬁﬂﬁ'\ lﬂ?ﬁﬂlﬁﬂﬂﬂ'\ﬂ?'mﬂﬁ'\ﬂ LARBUNIATI NN

NTUTENIMAY (S

) TEWIVINANNITOANAELTILAUUAL LTI LAUTAY

4
tWanagay

L} 1 1] d
Goodness of fit T¢#m21¢ 2 FUNITWUIN AUN1TNANBAL VL AUNAIAIINARIALARDY

NIRTFIMIAINITUTENIWAT (S ) NINNTIRNNITARNBE L TILARTAY ANLIRIUIANTY
TuURIAYDAYAIAIRIA  0.016 X 0.

%/' UaanIIdun1TnANaEL 9L HUTAY

<
Fi'm'nuﬂa'mmaauu'lms'\

o
(R1779N 22)

TUIARIA 0.016 X 0.016 w1

Line
Sinple closed loop
Horizontal force
.8 53090
Vertical force
S 3.85

v.x

Closed loop with helix

Horizontal force

S

v.x . E

on

X £ o4
“#? uyy Simple closed loop ni

e —

Vertical force

S

T loop

Horizontal force

AN

Vertical force

S ARNAYD

Horizontaquorce

S 40.55

¥.x

Vertical force

S 7.

y.x

80

14.03

-26.52

Linear |Non linear| Differ
79.54 31.62 -47.92
4.43 4.44 c.01
osed loop with helix
izontal force
51.26 22:57 -28.69
E 7.94 6.17 -1.77
T loop
Horizontal force
40.31 13.91 -28.40
Vertical force
s_n 10.29 3.82 -6.47
b L34
Horizontal force
Ste. 39.44 20.21 -19.23
Vertical force
S 8.10 5.34 -2.75

4 : B < ' : F
A179N 22 uﬁmuan’nﬁnmL\J'xamnaummwﬁmn LARAUNIRTI U

ATTEmAY (S, ) TEmansdunainanastBeidunazideiduiag
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1.2.6 3INWANITANEITBIAL TITRUUITEBIULALULIASINNTEBY
o v v lulg !4!1
n11ﬂ1ua1a1aa1ﬁﬂunﬁinanaaLB«tﬁunaqnqua1aaquq 8 nqu LUARAINITIUIANTY
Sy g - < vl
NTENIR aWRIRIULTRLLITERIL 200 - 300, 400 - 800 NT¥ TasuTzasN1TUTURIA
T0Lin 2.0 NARLNAT ﬂwnﬁaua Wi

\\ F .016 x 0.016 u1 Simple closed
‘\ 04£!ﬂ9

4
loop LﬁuuUULaa1nﬂ1u1 aqaquw1aun Closed loop with
“--__ e —

helix (223n7w), 78) War T loop (105.1n9W)

AINATAL uasﬁnuw, oop with helix NARIAN TS
4 o
uwnnqﬂ 65.8 N3 loop ( 51.4 ), T loop
. iy ™ '

(45.0) WAz Sim loop (82 'lhuaaaﬂfhuﬁaﬂmuua—uw
pRuwuln T loop A 6,0 789 ‘Double delta loop (4.3),
Closed loop with X ( ffi, Sim e closed loop (1.1) RINAIAU
'0.016 x 0.022 ¥2 Simple closed

loop dﬂuﬁ1n1n%39au1§1 nTu »:‘ f5 losed loop with helix

T loop (212.5 A3w)
A - I - 4 : - ‘r v
ATNRTAL uavﬁnu;]usQ1uuunacnnweﬂu1aa Closed“loop with helix Iuau1a

| um ?’FEIW?WEFW?’I"T"" g

9H
( 87.2 ) Wmr Simple closed loop ¢ awuaqau UABRTIAINDAY

‘"’WW‘W RN T N“W‘ﬂ Y)Yt o

loop (2.8) , Closed loop with helix (2.3) uar Simple closed loop

. o 4
(1.3) a1 uR18y (R1779N 23)
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- ‘
WINTUURIAY | THL HUA-LTY

LY a a
(n (HARLURT)

16.1-24.2] 1.1

32.9

Closed logp with hel 00- L 58.9-65.6 4.1
T loopd ‘ | 45.0 6.0
Double delt: 51.4 4.3

17.9-26.8 1.3

| 35.7-52.0
/32.3-40.5 2.3
64.7-71.3
63.23-67.2 T

Double q‘] loop 200- 3 1.2-1.7 39.6-59.4 2.0

AULINLRINEN T
AN IUANINGA Y

4 . - -
R1T90 23 uFAYIUIARTIIRNRITERNY, UWIAY, TrEsn 1TUYUR2e UATERTIRIu

2a9THLNUA - UIvIavAlARaBUNTNT L aw%ﬁ‘nuwa 0.016 x 0.018
War0.016 x 0.022 57 #ﬁuuunaeﬁdlﬁu Simple closed loop,
Closed loop with helix, T loop uar Double delta loop
tﬁaﬁa4n11u141uuu11=u1u 200-300 , 400-600 n7u uarUjuaia

14\3 a
THINUATIAL 2 NRRLUAT
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4 < < 1 o . 0 v
2% Luaﬁnu1tﬂ1auLnaua1ﬁuuana1@naenuwaufqnn1sn1aaﬁuwuwuu

1uuu11su1uua=uu1§q tﬂaﬁnﬂiLugﬂuuﬂaqnuwaadauasuuunaannaonduﬁvaéwq
k| L]

' 4 o ' o : { 2
9 8 NAN LUAYTUTTELRIAAIY T N Tﬁ81gﬂ113lﬂ118“ﬁ7QNuﬂ7ﬂ11uuUUﬁﬂﬁﬂ14

=See

) m) - ' d
( Two way ANOVA ) ﬂTsauuﬂﬂ1ﬂm 0.05 WUI1  IUIAUTILARATUURITEWIY UAS

; 1 1 ¥ o 4
HRIAITENIINRIRABRUN TN TN AR AUIR UAY uaasuuuﬁn1ﬂuuaﬂaﬁqnun

- e o . - { 4
seRuiiag Ay 0.05 Tasinan JauunIniu  a17¢ NNIWIANATLLY

dl - l- - 4 4 o
naqgﬂnaquuaanuwau WIAILAAE n1sauuaﬁwﬂm 0.05

<
(R34 24-25)

i
e
AULININTNEINT

RINNTUUNIIN Y
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Y

128201 7UTURIR 0.5 uN. 1.0 uu. 1.5 uu.

Source Sig.F F Sig.F

Wire size .000 |6395.696"| .000
* Design 4344.214"%| 0.0

2-vay 177.563"| 0.0

interaction

Explained '

2851.618"| 0.0

3.0 ux.

F Sig.F

5985.753"| .000

4271.319%| 0.0

‘sz.zzs' 0.0

%
Y I 0. *1 o. 27428427 | 0.0
wle 1 J £
q " N b3 o ¥ y J |
q
'du Y] 4 v W v
* UUadAUNTEAURER Ay 0.05
o 4 '
R1T19N 24 A1TILATIERAMLUTUTINMLY 2 N19(Two way ANOVA) 31nA1 F uaz
& <4 ot 2 4 v
» Sig FaavawianTeuuna seutunnssnifadunuuuL daldalanauunintu

‘ 1 ) -
81919 nu1auas§ﬂuuua1q q N
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Tegxn17UTUAR 0.5 un. 1.0 uu. 1.5 s

Source Sig.F F Sig.F
Wire size .000 | 850.408"| .000
Design 150.482%| 0.0

2-vay 7.105"| .000
interaction
Explained | “0.0%| 153.258" | 0.0 | 189.024"| 0.0
3.0 uu.
F Sig.F

Wire size 751.885" | .000
Design 448.309" 614.678"| 0.0
2-way 'f‘- : 63.239" 0.0 70.494"| 0.0
ok INBNT
Elained 365.049"| 0.0 401.&:}' 0.0
) =

INTEReE—

L Ud - W -
¥ NiladfynTeauliadnfg 0.05

<4 ¢ '
A7774N 25'0113lHTﬂSMﬂ11NuUTUT7uuUU 2 NN (Two way ANOVA) 311A1 F WAy
s a o o % 4 v
Sig f mavawrAnTITuLwIAINATENIRaHWAR LY tNaTdadnRauunTnT L

4 1 o
219¢ ﬂu1ﬂu332ﬂuUUﬂ1Q 7 Nl
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