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pt=wa Q}F-=D w |@=} RQ= �xOta C=QF=� pt=wa C=QF= '=OD@= "OvwW|t p}rLD OQ=Ov=DU=
|UQQ@ =@ R}v xv}y@Cr=L QO OQmrta w xv}y@\}=QW "OvwW|t OQw;Q@|i}m CQwYx@
|wQ Q@ 6�ANOVA� Tv=} Q=w p}rLD '|Oa@ R=i QO "OvwW|t u}}aD ptwa C=QF=
|=yVN@ QO =Q pt=wa |@Uv QF= 'ANOVA |xar=]t "OwW|t s=Hv= G}=Dv

[14]"Ovm|t u}}aD =RHt
"CU= xOQm O=yvW}B p}rLD uOQm pt=m w s=Hv= |=Q@ Cw=iDt VwQ wO |Jwo =D
u}ov=}t Q=Okt =} w V}=tR; C}akwt l} |xH}Dv u; QO xm 'OQ=Ov=DU= VwQ "1
G}=Dv |xOta QF= |x]U=w x@ V}=tR; C}akwt l} Q=QmD R= xOt;CUOx@ |xH}Dv
pL=Qt |=Q@ (S=N) R} wv x@ p=ov}UC@Uv R= xO=iDU= VwQ "2 "OwW|t VR=OQB
x}YwD Q=QmD =@ x=Qty =yV}=tR; |=Q@ ,=O}OW |Jwo =D xm 'CU= p}rLD QO u=Um}
|Q=m \}=QW u} QD} wk w u} QDy@ 'G}=Dv C=Q}}eD R= xO=iDU= =@ S=N p}rLD "Ovm|t

"Ovm|t u}}aD =Q
[6]%�1 |x]@=Q� (S=N) R} wv x@ p=ov}U C@Uv h} QaD ��

S=N = log10(MSD) (1)

"CU= C}i}m |xYNWt Q=Okt R= h=QLv= u}ov=}t `@ Qt MSD 'u; QO xm
'C}i}m |xYNWt 3 u}= R= l} Qy |=Q@ (MSD) C=i=QLv= `@ Qt u}ov=}t

%OQ=O |Dw=iDt h} QaD
%�2 |x]@=Q� �QDy@ 'QDoQR@ xJ Qy� |i}m |xYNWt |=Q@ �

MSD =
�
y21 + y22 + y23 + :::

�
n

(2)

%�3 |x]@=Q� �QDy@ 'QDl}ORv |tU= Q=Okt x@ xJ Qy� |i}m |xYNWt |=Q@ �
MSD = [(y1 �m)2 + (y2 �m)2 + :::]

n
(3)

%�4 |x]@=Q� �QDy@ 'QDnQR@ QDmJwm xJ Qy� |i}m |xYNWt |=Q@ �

MSD =
1
y21

+ 1
y22

+ 1
y23

+ :::

n
(4)

VwQ R= xO=iDU= =@ =yV}=tR; |L=Q] pL=Qt %=yV}=tR; |L=Q] sD} Qwor= ��
[14]%|Jwo =D

|L=Q] |=yQDt=Q=B w |i}m |=yxYNWt �|vyP u=iw] C=UrH� V=mvm "1
"Ov}=Qi/pwYLt =@ \=@DQ= QO syt

"=yV}=tR; C}=Oy w |L=Q] "2
"xv}y@ \}=QW u}}aD |=Q@ G}=Dv p}rLD "3

"xv}y@ \}=QW T=U=Q@ 7O}}-=D |=yuwtR;/uwtR; s=Hv= "4
|L=Q] G}=Dv p}rLD w x} RHD Qw_vt x@VywSB u}= QO %MINITAB Q=Ri=sQv ��
|=yQ=Ri=sQv R= |m} xm 'CU= xOW xO=iDU= Minitab Q=Ri=sQv R= '=yV}=tR;
�DOE� |=yV}=tR;l}D=tDU}U|L=Q]V}=yC}r@=k R= xm 'CU= |Q=t; `t=H
xm 'CU= xOW x�=Q= DOE hrDNt |=yVwQ 'Q=Ri=sQv R= CtUk u}= QO "CU=

"OQm xQ=W= |Jwo =D VwQ x@ u=wD|t =yv; |xrtH R=
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4 1
|xQ

=tW
'32

�2
|xQ

wO'
�13

95
u=DU

tR�
h}

QW
u=Qt

a|
UOv

yt "=yxvwtv |Q=Wi Ctw=kt w XwYNtuRw G}=Dv "8 pwOH
|Q=Wi Ctw=kt u}ov=}t XwYNt uRw u}ov=}t |xQ=tW

(kg/cm2) =wy QO xOWlWN xvwtvxRwQ 42 xRwQ 11 (kg/m3)

142 105 1320 1
145 112 1315 2
160 132 1380 3
135 104 1330 4
142 110 1350 5
140 105 1300 6
147 120 1335 7
124 90 1280 8
126 97 1230 9

"5 |x]@=Q T=U=Q@ =yV}=tR; C}i}m ?wr]t Q=}at u}}aD "9 pwOH
Q=}at Q=}at f f � xQ=tW

�2 |xvwtv� �1 |xvwtv� �2 |xvwtv� �1 |xvwtv� �u}ov=}t� V}=tR;
109 106 144 140 1320 1
111 110 146 144 1315 2
120 112 165 155 1380 3
104 100 138 133 1330 4
106 105 143 142 1350 5
109 106 142 138 1300 6
113 107 151 143 1335 7
98 96 125 123 1280 8
106 99 130 122 1230 9

"(S=N) p}rLD R= xO=iDU= =@ =yxO=O Tv=} Q=w pwOH "4 pmW

"L9 |x}=Q; T=U=Q@ =yV}=tR; QO pt=a Qy Kw]U "6 pwOH
xtQv xU=t �|tHL OYQO� T}twB |xQ=tW

�|tHL OYQO� �|tHL OYQO� 2 ẁv 1 ẁv xvwtv
5 0 20 15 1
10 5 25 15 2
15 10 30 15 3
15 5 20 20 4
5 10 25 20 5
10 0 30 20 6
10 10 20 25 7
15 0 25 25 8
5 5 30 25 9

"\qDN= KQ] Qy QO xDiQ Q=mx@ Kr=Yt u=R}t "7 pwOH
xtQv xU=t (kg/m3) T}twB |xQ=tW

(kg/m3) (kg/m3) 3 ẁv 2 ẁv 1 ẁv xvwtv
70 0 480 102 69 1
140 80 360 127 69 2
210 160 240 153 69 3
210 80 320 102 92 4
70 160 320 127 92 5
140 0 320 153 92 6
140 160 280 102 115 7
210 0 280 128 115 8
70 80 280 153 115 9

|Jwo =D p}rLD w =yV}=tR; G}=Dv "5
Ctw=kt w XwYNtuRw G}=Dv %=yxvwtv |Q=Wi Ctw=kt w XwYNt uRw ��
'T}twB |=yxv=Om@U =@ xOWxDN=U l}D=tDU}U |=yxvwtv |QU 9 |=Q@ |Q=Wi

"CU= 8 pwOH KQW x@
|x]@=Q CQwYx@ C}i}m ?wr]t Q=}at 'xar=]t u}= QO %C}i}m Q=}at u}}aD ��

%CU= xOW h} QaD 5
C}i}m Q=}at = f



� 1000 (5)

uRw 
 w (kg/cm2) ?UL Q@ xRwQ 42 |@amt |Q=Wi Ctw=kt f 'u; QO xm
Q=}at Q=Okt xJ Qy "CU= (kg/m3) ?UL Q@ =wy QO xOWlWN XwYNt
|xvwtR; wO '\qDN= KQ] Qy |=Q@ =Hv}= QO "CU= QD?wr]t 'OwW QDW}@ C}i}m
Q=}at '5 |x]@=Q T=U=Q@ w xDiQo Q=Qk V}=tR; CLD xRwQ 42 uU QO |@amt
u}ov=}t R= 'C=@U=Lt QO "CU= xOW xO=O u=Wv 9 pwOH QO V}=tR; Qy C}i}m

"CU= xOW xO=iDU= =yxvwtv XwYNt uRw
=yxO=OTv=} Q=w pwOH %(S=N) p}rLD R= xO=iDU= =@ =yxO=OTv=} Q=w pwOH ��
xOW xO=O u=Wv 4 pmW QO Minitab Q=Ri=sQv w (S=N) p}rLD R= xO=iDU= =@

"CU=
pt=a Xr=N C=a@ Qt ẁtHt uOQms}UkD =@ pt=a Qy |=Q@ CmQ=Wt OYQO
"O};|t CUOx@ 100 OOa QO xOWpY=L Q=Okt uOQm?Q[ w ST x@ Q_vOQwt
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"OQ=Ov=DU= p}rLD R= xO=iDU= =@ =yxO=O Tv=} Q=w pwOH "6 pmW

"OQ=Ov=DU= p}rLD Cr=L QO pt=wa Kw]U Q}F-=D Q=Owtv "7 pmW

x@ \w@ Qt |=yQ=Owtv "CU= xOQm |}=U=vW pt=a u} QDQF=sm u=wvax@ =Q �11 3
"CU= xOW x�=Q= 7 pmW QO Kw]U |xOta Q}F-=D

p}rLD QO pt=wa |xv}y@ Kw]U %OQ=Ov=DU= p}rLD QO xv}y@ ?}mQD u}}aD ��
%Ov=xOt; CUOx@ S=N p}rLD Cr=L QO xv}y@ Kw]U Ovv=ty R}v OQ=Ov=DU=

�15 %1 ẁv T}twB �
�30 %2 ẁv T}twB �

�10 %xU=t �
�10 %xtQv �

s=Hv= w xv}y@ Cr=L QO C}i}m Q=}at |v}@V}B "6
|O}}-=D V}=tR;

Q=}at |v}@V}B 'Minitab Q=Ri=sQv |=yC}r@=k R= %|Jwo =D |v}@V}B ��
xv}y@ Kw]U u}}aD R= TB xm 'CU= xv}y@ ?}mQD Cr=L QO C}i}m �XN=W�

"(S=N) p}rLD Cr=L QO pt=wa Kw]U Q}F-=D Q=Owtv "5 pmW

p@=k 6 |x]@=Q R= xO=iDU= =@ w xOW xO=O u=Wv P CQwYx@ CmQ=Wt OYQO
%CU= x@U=Lt

pm = Sm
ST
� 100 (6)

ST w u}ov=}t R= m QF-wt pt=a h=QLv= `@ Qt �7 |x]@=Q� Sm 'u; QO xm
%OvDUy C=i=QLv= `@ Qt ẁtHt �8 |x]@=Q�

Sm = (Yi � �Y )2 (7)

ST =
nX
i=1

(Yi � �Y )2 (8)

"CU= V}=tR; Qy R= xOt;CUOx@ Q=Okt Yi w 'G}=Dv u}ov=}t Q=Okt �Y '=yv; QO xm
u}vJty w Tv=} Q=w pwOH x@ xHwD =@ %(S=N) p}rLD QO pt=wa Q}F-=D COW ��
CmQ=Wt syU =@ 1 ẁv T}twB |xv=Om@U xm OwW|t XNWt MU=B pwOH
QO =Q Q}F-=D u} QDsm �10 8 CmQ=Wt =@ 2 ẁv T}twB w Q}F-=D u} QDW}@ �44 5
(S=N) p}rLD QO pt=wa R= l} Qy Kw]U Q}F-=D Q=Owtv "OvQ=O C}i}m Q=}at Ow@y@

"CU= xOW xO=O u=Wv 5 pmW QO
Kw]U u=wD|t 5 pmW Q=Owtv R= %(S=N) p}rLD QO xv}y@ ?}mQD u}}aD ��

%OQm u}}aD =Q pt=wa |xv}y@
�15 %1 ẁv T}twB �
�30 %2 ẁv T}twB �

�10 %xU=t �
�10 %xtQv �

|tHL OYQO '3 ẁv T}twB |r}tmD pt=a OQwt QO |r@k C=L}[wD x@ xHwD =@
"Ow@ Oy=wN �35 'xv=Om@U ẁv u}= |xv}y@

u}}aD |=Q@ OQ=Ov=DU= p}rLD G}=Dv %OQ=Ov=DU= p}rLD QO =yxO=OTv=} Q=w pwOH ��
xO=O u=Wv 6 pmW QO Minitab Q=Ri=sQv R= xO=iDU= =@ =yQ}eDt |xOta Q}F-=D

"CU= xOW
Q}eDt sy OQ=Ov=DU= p}rLD G}=Dv %OQ=Ov=DU= p}rLD QO pt=wa Q}F-=D COW ��
CmQ=Wt =@ 2 ẁv T}twB w u} QDQF-wt �44 4 CmQ=Wt syU =@ =Q 1 ẁv T}twB
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4 1
|xQ

=tW
'32

�2
|xQ

wO'
�13

95
u=DU

tR�
h}

QW
u=Qt

a|
UOv

yt Cr=L =@ xU}=kt QO xm 'CU= xOt; CUOx@ 118 3 Q@=Q@ |O}}-=D V}=tR; QO
"CU= pw@k p@=k 'CU= 120 3 Q@=Q@ xm 'Q=Ri=sQv |v}@V}B

|Q}oxH}Dv "7
hrDNt |=yOYQO R= xO=iDU= Q}F-=D '|L]U 3 pt=a 4 uDiQoQ_vQO =@VywSB u}= QO
l}D=tDU}U VwQ R= xO=iDU= =@ l@U uD@ |wQ Q@ xtQv w 'xU=t 'T}twB |xv=Om@U
9 s=Hv= w L9 Ot=aDt |x}=Q; ?=NDv= =@ 'T=U= u}= Q@ "CU= xOW |UQQ@ |Jwo =D
%CU= xOt;CUOx@ Q} R CQwY x@ Kr=Yt |xv}y@?}mQD 'u; x@ \w@ Qt \qDN= KQ]

�15 %1 ẁv |Ov@xv=O =@ T}twB �
�30 %2 ẁv |Ov@xv=O =@ T}twB �
�35 %3 ẁv |Ov@xv=O =@ T}twB �

�10 %xU=t �
�10 %xtQv �

QO� xv}y@ ?}mQD Cr=L QO C}i}m Q=}at 'Minitab Q=Ri=sQv R= xO=iDU= =@
|O}}-=D |xvwtv V}=tR; |xH}Dv w xOW |v}@V}B 120 3 �OQ=Ov=DU= p}rLD VwQ

"CU= xOt; CUOx@ 118 3 |rw@k p@=k ?} QkD =@ x=oW}=tR; QO xOWxDN=U
|y=oW}=tR;j}kO|R} Qxt=vQ@ x@ u=wD|tVywSBu}=|Q}oxH}Dvu} QDtytu=wvax@
|v}@V}BG}=Dv pw@kp@=k j=@]v=u}vJty w xv}y@?}mQDu}}aD Qw_vt x@|Jwo =DVwQ
|Ovtv=wD w C} Rt xm 'OQm xQ=W= |O}}-=D V}=tR; R= pY=L G}=Dv =@ VwQ u}= QO xOW
u}= |Jwo =D VwQ Qo}O |=yOQw=DUO R= "Ovm|t Q=mW; V}B R= V}@ =Q VwQ u}=
|rm Q}F-=D u=wD|t 'xv}y@ ?}mQD u}}aD Q@ xwqa QwmPt VwQ R= xO=iDU= =@ xm CU=
=@ |DL "OQm |UQQ@ Q_vOQwt hOy |wQ Q@ =Q C=Q}F-=D u}= COW |DL w =yQ}eDt
C@Uv |QDsm Q=}U@ �|r=} Q w |v=tR� |xv} Ry 'QwmPt VwQ R= xO=iDU= 'u}= OwHw

"OQ=O p=@vOx@ |y=oW}=tR; pw=ODt |=yVwQ x@

"Minitab Q=Ri=sQv R= xO=iDU= =@ xv}y@ C}i}m |v}@V}B "8 pmW

"OQ=Ov=DU= p}rLD QO |O}}-=D V}=tR; C}i}m Q=}at "10 pwOH
C}i}m Q=}at Ctw=kt u}ov=}t XwYNt uRw u}ov=}t |xQ=tWp}rLD� xRwQ 42 |Q=Wi =wy QO xOWlWN xvwtv
�OQ=Ov=DU= (kg/cm2) (kg/m3)

118 3 155 1310 T1

OQ=Ov=DU= Cr=L |=Q@ C}i}m Q=}at OOa 'CtUk u}= QO "OwW|t XNWt
"�8pmW�CU= xOW|v}@V}B 41 653 '(S=N)p}rLDCr=LQO w120 333
Cr=L QO |v}@V}B u}= Q=@Da= |UQQ@ Qw_vt x@ %|O}}-=D V}=tR; |xH}Dv ��
'CU= xOW xDN=U xOWXNWt xv}y@ Kw]U =@ |O}}-=D |xvwtv l} 'xv}y@ ?}mQD
C}i}m Q=}at xm OwW|t x_Lqt "CU= xOW x�=Q= 10 pwOH QO u; |xH}Dv xm

=yCWwv=B
1. Minitab
2. Luma shell
3. design of experiment
4. orthogonal array
5. control factors
6. analysis of variance
7. con�dence experiments
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