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Q (1:10 pts) Please state whether the following is true or false (T/F), underlme the false part
then correct it:

L.

e sk @y oy e 1D

10.
1.

12.
13.
14,
15.
16.

17.

18.

19.

21,

prevention of nonconformance. (") --------—- R i yo

e e T T ey Rt S e T e Eo A e e AR s

PC  Z2ol- 2o\2

L)

; (R
How easy it is to repair the product? refers to durability. ( X )@fﬂ ¢ aabi d
— - Wee bern "g_’_\g,,,l-r.c e

The sensitizing rules are also called the zone rules. (%) s, 0

Traditional definition of quality is fitness for use. (\/)44——--

Taste and appearance are examples of sensory critical-to- quahty characteristics. (\/ ) Cmmnen

Product inspection and test is an example of appra1sal costs (%—----—

Llablllty is an ¢xample of external failure costs. ()/5/- -------

Prevention costs arc those assocg/afc;c%)wﬂh efforts in design and manufacturing that are directed toward the

In statistical six-sigma, the fraction Qgr_l_cop__f_/ orming is 0.002 ppm. (%) -

A histogram is more compact summary.of data than a stemﬁndr-loaﬁplo%/ - T -

The box-plot is a graphical display that simultaneously several important features (location, spread, etc) of

the data. (v §<emmmmn y R
@ \“ o ey lontrel _
Thelco trol limit/contains{targ /and two control limits. (X) Sf—%‘gﬁyi/h = ST \ cekec Linekl)

The rational subgroup concept means that the chance for differences between subgroups will be maxmnzed
while the chance for differences within subgroup will be minimized. () /{----—

Random sampling is performed by takmg each sample of units of product that are representatlve of all units-
that have been produced since the last sample was taken ---------

A run of length eight or more points has a very low probability of occurrence in a random sample of points. .

[ fsamecins
Check sheet is simply a frequency distribution of attribute data arranged by catcgory;. (R ),—S?-C-‘m}o Chas .

The defect concentration diagram is analyzed to determine whether th&a}%ﬂ) of the defects on unit
conveys any useful information about the potential causes of the defects. )

e ——

A ptocess operating under the existence of assignable causes is said to be out-of—contro% _______

\O/




7 betweenfS .000] and[_i() 000lhr, The life is normaily distributed with mean 7000. The manufacturer realizes a price

e 1fe o, N{Feoo, (16057

g ‘3 = #000 @

(4 4 pts) The specification on an electronic component in a target-acquisition system are that life is must be

of § 10 per unit Qrocessed However, defective units must be replaced at a cost of $ 3 to the manufacturer. The

- Calculate the expected profit whenﬁS,OOQ]are sold. l,

¥ o % Seco «_:?2‘50 ) P(X LS00 =) ' .1330

p ez &~ )

Go oo  — S6% -FS

:b"f?]:‘ZSI

Fre  esp ecked pmofi

\1'5___.._-)%19%9‘

e \"JC

So S X WD S6%-1S e Jded
the same mean and standard deviation. What is the prahahility that

- If a sample of 40 units are selected wi
mean life will exceed 10, 0007

& M e M

n-Ho
e X >wooy = I- P X 100 00) =
212 (2 &3) = | —0-99%6S0

Q (5: 5pts) A system is composed ofr—electromc ﬁimtsbthat are e\ponentlally distributed with mean life to
fz_x;l_gr_e_qfaOOhours f i '\U\, . = o0st02

e e

- What is the probability theﬁiﬂﬂwﬂl fail before its 500 hours. uee o - \s.\‘
—_— (t_';o
Flay= Fesoo)= | — o Q_, a.

_0-00’2(%6‘0)

. = - e = &6 2 \ 2 50 %
- What is the probability that the unit will operate 400 1f it operated 300 hours.

000‘1(%00\
Flay < Feo) =f i =) €

GO
- 'What is the probability that the system will survive] 500{ hours if the units are arranged in a stand—b/

ion?
configuration? e Gawmng Dist. @

-1

R(€>003 =

It Lo

&
init pre : e
standard deviation is 1000 hr. Nos 1 oom \ % LN
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= University of Jordan
g Dept. of Industrial Engineering

Quality Control (Mid-Exam-28-11-201

Instructor: Dr.Abbas Al-Refaie *

e
/45,7 < pt 4) Please fill the blank with proper terms or statements.
. Quality is inversely proportional M\-@\O‘\“\‘ﬂ

* -«—B-EQ[Q\-S‘-‘L--CQS-'B aﬂr@lose costs associated with measuring, evaluating, or auditing products,

/3 mponents, and purchased material to ensure conformance to the standards that have been |
imposed.
* The situation in which the probability of producing a product within specification limits is 0.9973

is referred to as _-_.ﬂ\.f_&f.___s.‘b%m&-- .(A%_kj effo Mman e

* Testing incoming material belong to —-A??fﬂ;l & ——-—;»4}5.

¢ Quality planning and training belongs to Rezvenbian costs.

* Warranty adjustment belongs to --ERWQAL--EQM! (:085(
s Internal scrap and rework belong to ecnal Laludre COsts. ' ‘
* The most effective statistical technique for reducing variability is DﬁS@ rfg-E'XPcf[me_nH

* Assignable cause may result on --(-hﬁh-%e-ma-kﬁ:ﬂﬁaﬁﬁor ;XCEMQ,&TQQL_---_
* Histogram requires -l@%ﬂ——---Aﬂ,ta, and ignores -}Q’j‘—-‘?—’-ﬁ-_.c%y--b_'mS ...... !

« A good estimator should be ---— Unhw -------- weneme and has Wﬂm\lﬂﬂnw

e
>

technician gives an average machining time of 3.5 minutes with variance 0.9 minutes. A random
sample of 10 from the second technician yields an average machining time of 4 minutes with variance

<> Q (2: 4pts): Two technicians perform the same drilling operation. A random sample of 12 from the first
~of 0.25 minutes. Use o = 0.05, test the hypothesis that the operator’s means are equal. Assume equal

variances. ;
Ne -1 Voawapne arfe \Caown '
Yy Accplane REY vA
)
b 2 24
e cadl j v (eRio
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Q (3: 6 pts): The time to process purchase orders is normally distributed. A random sample of 16
orders is selected. The average processing time is found to be 9 days with a standard deviation of 2.2.

Use o of 0.05

h—= 16
a- Can you conclude that the standard deviation is larger than 2. ;’(’ =q |
<L i
e i-\D‘??L\ ’ =gl |
O~ i
o RS - pe |
() =Y () L pag - P el |
' o 4 Pejon

IoF \ o (Qdedr 4

Vi 5— . \Cg. [S '}(-0( =1

(O} ( 6 )
No 7 Ca (\,l— onlu

c- Find the upper 90 % confidenc f_lwan of the order processing times.

.0 o
¢ b( At SlA > By A \—of = ]

/ ?(%%,‘_ 26 7 1) = .4
e

(4 s (22) 5 p) ——=> (A7)

new purification unit is mstalled ina chemlcal process. Before its installation, a random

= 25 yielded the following data about the percentage of impurity average of 22 and
variance of/5. After installation, a random sample of size = 16 resulted in average of 16 and variance of

Q (4: 6 pts)

=25 H2 = 18
) Tesy'the hypothesis tlfat the two variances are equal - =
g N2 = |
o= off ok X2 = 4
& T RS X & 5;: 4
\

Loy e o

— :..__5—— = \.Q_ 1.
1:‘ ~4/2 /0 \ S g 1099 7 Z

p - 2""4 [4 r ].q ‘: 7—‘7
Foi\ dJorvgeckite . “wol-tmel g, Sizel bw'  ele
) Can you conclude that the both purification devices have the same mean pcrdeﬁtagcs o?ﬁﬁ:ﬁnty
Yoy Wyosple =0 Varian @5 Jepown
B gh - _(g2-l0)-0 _ |2-A4Y
e ?:0 e % _6._ + _Li—
g 5 ' I 244

£ P)
Vegeck H 2 R, C‘c»xl—\ows obn)r have Sumut
() Construct the upper 90 % confidence interval w’foﬂﬁﬁm ML

( l)% 25(1):

i—o(i’\;.-\

(Leed /)

7,
>N
j("q‘??ﬂ

Mx5 k- R
(‘—'—*‘\%‘66 7 01 J ___gb,g,y&;/cf\ )
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Q (5: 3 pts) A valve is produced in lots of size 36. An acceptance testing procedure consists of
selecting 9)components at random from the lot without replacement and testing them. If two or more
nonconforming components are found, the lot is rejected. \If the lot -contains four nonconformmg

components, calculate the desired proba Jﬁ:&—m&ammm_amn Is this approximation
Cecck
kh} P\} '

= £ 20
P2 DIV HfzssN o

P(%p2) = (f/,fﬁ\ (:«P)IMk

I—[( %) (w? (Cj>("')‘('gq?]

[5[ -36015¢ + <3813 | = |« 25942

Q(6:7 ptgh_jjtime to failure for a cathode ray tube can be modeled using a Weibull distributi(M ; _

parameters B = 1 and/@ =300 hours.

) Gondikion

(a) What i

e probability of a tube failing before 800 hours? | Aok

\g-e @nHe g;—;\ —> So weioull Govery +o 6?;(\90muJﬁcJ AAS QO\

- J_ 2 e
2005
. Foo
'P(Y\szoo):l_e el VA — \_ Ol — . 4206\

(b) What is the probability that tiw tube will survive 300 hours?

—P A 21 e 300
P()(7/300) N . - ?é - e'%g-?'g/{

l

(c) Suppose @ systca is built using three identical tubes in a standby redundant system, what is the
probability that the system will survive 500 hours.

= Guert do Gaena el

N %"“ ok ¢
/V h (=

\
= =z h i oo UMEQuEs 0 9
& Y

-\ ¢s00
—w®o [ 4006 -1 L goa\ 7o :"f_.-\'ﬂ « Se \'
235 (%’J ‘E"?e (F__"'_T__)_. ot e \———zo'fi"l—ig: -\g?gl

s :g HBTQ

\ t 2
(d) Assume the system in part ¢ can operate with at least 2 tubes, what is the probability of system = 71654 }

operation? (hint, use the result of part b)

()
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University Of Jordan
Industrial Engineering Department 2
Quality Control (Mid-term, 27-11-2010)
Instructor: Dr. Al-Refaie, Abbas
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Section: ./

control chart detects assignable and chance causes. ( Feal S, ( o) "" e 1-3-{]9-'5-@2- )
27" A product 1s considered defective if it contains one or more minor not;m/fqrﬁles. (---fZg ------------------

3. Quality is directly proportional to variability, (-« k- @-LS-@------—--—-C-I -—534?3-3-} --------------

4. When six-sigma is used, the fraction nonconformmg is 3.4 ppm. (-~ Joue, - -
5. Length and hardness are eéxamples of sensory quality characteristics. [— E@-JQQ-A tﬂ- E-QQ-L

6. Internal failure happens when a product fails to operate successfully. ( False. CE "1" Q-L)-

7. Inspection and test of incoming material is an example of prevention costs. (--:!1’5‘6':-'lse ( &f? d SQL.)

8. SPC reduces variability more than design of experiment. ( True -[ --

9. SPC is based on sound underlying principles and can only b;a applied to-industrial processes. (---L’"A —

10. Fitness for use is the modem definition of quality. (-----Eéﬁlﬁ@-—ﬁ-‘l’fﬁﬂﬂ?m@-)—

11. Specification limits are the parameters of the control chart. ( Irue &

-

12. Aesthetics is “What is the reputation of the company or its products? *(
13. The Hruogram is simply a frequency distribution of attribute data arranged by category. (---im-g---ﬁé\
14. The defect concentration is a formal tool frequently useful in underlying potential causes. (----F---"i-g -

15. The scatter diagram is a useful plot for identifying a potential relationship between two variables. (-m-tﬁ- i
16. A process operating in the existence of assignable causes is said to be in-control. (mE?J-f' ﬁ-----(/"d( £ conbnl )

19. SPC 1s effective in eliminating variability. (~-—~-‘—'~:Lff-€ =

20. Stem and leaf displays the three quartiles, the minimum, and the maximum of the data on a rectangular bgs¢ Crakse

C bax P10+>

Q (2) Hlustrate the difference between the waming limits and action limits on a control chart? (3 pts)

------------------------------------------------------------------------------

3%, Pl IJWL ............................. Lc.:L....,/.“.w...?».?é.—. ..........................




Q (3): Three identical components are arranged in a standby redundant system. If the useful life of each

component is described by an exponential distribution with mean failure rat 300 hr Please answer the
followings: (10 pts) =300

a- Wrte down the density function for the useful life of the system. (2 pts) /l = Q-0Q3}

i . el
................................................................. IR M SN TR B < B A e g
@( E
o "'F’(‘o (. i.' a s;,:\'hff}f":é'lgqoé ...............................
Q (4): A system consists of three modules A, B and C connected )
Weibull distribution with scale parameter 6 = 100 hours and } = 3.2. The time to failure of module B follows the normal

distribution with mean g = 400 cycles and standard deviation o = 32 cycles. It was also noted that during 1 hour, module
B performs 12 cycles. Find the probability that the system will survive up to 240 eycles of module B. (4 pts)




Q(5) The filling of glass bottles with a soft-drink beverage can be performed on two machines. The filling
processes have known standard deviations of 0.03 and 0.02 liters, respectively. A random sample of 25 bottles
is taken from the production of the first machine, where as a sample of 20 bottles is selected from the second
machine. The averages of net weight are 2.6 and 2.8 liters, respectively. Please answer the followings: (Spts)

a- What are the quality characteristic and its type?

e r‘f-’.i.l.l.ﬂfa.... fz.ﬁl.a.u.?&...(w:Z:jM) ........ 7 Plt:j&mzl......g.%bﬁg. ...... rg CLv-w be.....

b- Test the hypothesis that both machines fill the same net contents, using ¢ = 0.05.
........... ........2....5?.@9...% OS........ = A5k 0. D Sillerene..... & V???MFQ.?—....KOBLU(‘
cevennerasersaderead Ha. ../” T SO - TP ). S Do 2P0 Lbnl S

Cerareens crenseenanen .zu.:/ug:,hﬁ? B £ TR VU A - SOOI

AR TR '.:—'.%.E

-------------------------

CerrssssasaabypResnnnTe .};p Xy
R R F R R N T sasstsdeensfanass

---------------- L Y PR R P

=:s HH W L
¢- Calculate the P-value for the test,

------------------------- L Y TR PR L L R O N TR IR PP
---------------------- J----bta-a nnn...- }EE ------ql-[ E&ZL. N T TR R T T T R

R e Y T N YRR PR TR

L T T TR T T ey

Q (6): Two operators perform the same machining operation. Their supervisor wants to estimate the difference in
the mean machining times between them. A random sample of 10 from the first operator gives an average
“machining time of 4.6 minutes with a standard deviation of 0.4 minutes. A random sample of 8 from the second
operator yields an average machining time of 5.4 minutes with a standard deviation of 0.5 minutes. Use ¢=0.05.
(10 pts) n=io fia= @
q ; Y= 4
a- Test the hypothesis that the two varxanccs are cqual. (4pts) &= o-H
5 e
s vn g SR 14 o SN, BTN, R R R e

............... Hﬂq-.lz a .Fc.......!. %ﬁ)kﬁ fo.z

IEEITETE] Faevederasresenca R e R R N R P R L] O Y P W TPy

ISNOTTY (USROS vreorereseadinreseenens :...%:32.... ..... . F‘—“4—=021
. 7597 4.32

---------- R T NP

sresaseana llc‘oo-'Il'loocbc'ou!.o'Uooooo‘nnoo..-v.u--

il _do rqject #

/- |, ﬁeq (f/
4-22
b- If the mean machining time of the second operator s ou%d be exceed the mean of the first operator by 0.6. Can

we support this hypothesis? (4 pts) 2
.................................... et A =, 0 6 S S it creresssssssansatah

L T R R T R L R Y R R ¥raserreveTeiTes s It Rt RS tvnEararey

---------------------------- A R A L T

“



Q (7): The variability of the time to be admitted in a health care facility is of concem. A random sample of 15
patients shows a mean time to admission of 2.2 hours with a standard deviation of 0.2 hours. (5 pts)

a- Can we conclude that the variance of time to admission is less than 0.06 at o 0£0.017. (3pts)

Q (8): Two operafdis perform the same machining of applying a plastic coating to Plexiglas. We want to estimate
the difference in the proportion of nonconforming parts produced by the two operators. A random sample of 100
parts from the first operation shows that there are 6 nonconforming. A random sample of 200 parts from the
second operator shows that 8 are nonconforming. Use a = 0.01 (5 pts) fiz oo > £tm

; hy= Jeo > S aon
a- Can we conclude that the difference in the proportion of nonconforming parts produced by the two operators
is greater.than 0.0187. q
. G s P" ) . oo eesree e verrees

..........................

¢Tgst the hypothesis whether the propéttion nonconformmg for second operator is equal to 4.5%.
L/y . F ot o Tl M,@ ______ (Bro: 9) ‘? ‘B;‘!‘;f‘ﬁ

Q (9) Consider a lot of 100 parts, of which 3 ae nonconforming. A sample of 4 parts 15’ selected, if
approximation is used, what is the required probability of obtaining at most one nonconforming item? Is this

approximation sati ? Al : : -
ﬂppromauOllectow. (3pts) /1[._ oo =3 fen A=t (}4“}9@. ﬁgodelc 3 bine

________ ,{.,-,-P_Q J.}.___.P.CK.":‘VP&—I\ - C%liJ:an.-%“s_a.o_!__---_--- --Q-.%,QQ./ S ;Q},c,ﬂ@

( T Lo 039@_42_@3 //ﬂ-( )é@ 3){__4_):93\ Pz -2 3 = 003

leo

e (3] (ﬂ/P)—B(H;aOQ
= 0-43 + ol 4 P [&) - (ﬂ) o (‘“P)ﬁﬁx
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Industrial Engineering Department )
Quality Control - 96352 C7
exam # 1 (J":J) &haal )
Saturday 29/3/2003 ) Qf
60 minutes Name: ~~=r ’333:“’ S '
Number: __ 0paS55 7 é
Question 1: (fill in the spaces) (10 points) %

1.

Quality improvement is achieved through the reduction of 3&: gdi.h‘h’ irprocesses and products, R
The sample average is a measure of _ e e £ f644, )

2, o g
3. The standard deviation is a measure of __ <, ¢, #e.- .. _5-5 Vgl &7 VWM«M b
4. The probability distribution of a random variable representmv the number of defective units in a sample is
bitemigl
5. The probability-distribution of a random variable representing the number of required samples until the
third out of control sample point is detected is e bive v fe L C fPaica
6. In acceptance sampling, the distribution of a random variable representing the number of defective units in
-j(( } a sample drawn from a lot of known size and percent defective is }_‘l",[&(#m
v 7. The probability that a point plots outside the control hm:ts imtnediately after a shx in the process mean
occurs is equal to | ~ /3 —
8. The statistic that is plotted®n a X-chart is ‘c‘@%— & = MY = £
9. The R-chart is used to monitor variability \ja gy ,?4‘ a sample. ’ (Y e ot o S
10. The X-chart js used to monitor variability amples. AN c.

L.

A
&)

10. Control charts, design of experiments and acceptance sampling are all part of the statistical methods for

%\ ) {\ P e AT e B l‘g;_ RS
I3 2 w—

Question 2: (truef falseypomts) ¢ (_2) 4’}_@4

$(2) < 1-4(-2)
46> (1) s
(1) + d(-1)=1.00 /./
Type-I error is committed when one says that the process is out of control when it is actually in control. Aﬁk-f—
Type-Il error is the probability that a point plots outside the ¢control limits. Xt/
The relationship a=1-B is only true when the process is in control. M” ‘i" oz (K=ol
Quality improvement is achieved through the production of products with best quality.
The power of the chart is the probabtl:ty that a point plots outside the control limits ;mmedlately after a
shift in the process mean occurs. //'( i)
ARL is the average number of samples required until a point plots outside the control limits by chance. X A

quality improvement, o’ /

Question 3: (multiple choice questions) (10 points)

i.

4.

2.

A cause and effect diagram is used for:
a. Checking randomness of data.
Checking distribution of data.

L/ &) Determining reasons for possible problems.

Determining the flow of a process.
Which of the following statements is true?
a.  Type-II error is the probability that a point pilots inside the control limits.
b.  The relationship a=1-B is always true. ~’
/ &) Type-I error is the probability that a point plots outside the control limits. "
“" 4 Allofthe above.
The power of the chart is:
a. the probability of making type-II error,
the probability that a point plots outside the control limits immediately afier a shift in the process
mean 0ccurs.
c. the average number of samples required to detect a shift in the process mean.
d.  The ability of a chart to detect out of control conditions.
A value of a measurement that corresponds to the desired value for a quality characteristic is called:
a. lower specification limit
nominal value

_/' c.  upper specification limit

d, process mean



5. A histogram is used for:
a, Checking randomness of daia.
/@ Checking the distribution of data.
c.  Checking trends in data.
d. None of the above.
6. Which of the following is not part of the statisticai methods for quality improvement?
a. control charts
b,  design of experiments
/@ total quality management
d. acceptance sampling
7. Which of the following a control chart does not do?
a. process correcltion
b. process monitoring
DL ¢. detection of possible problems
detection of non-raridom process behavior
8.  The performance dimension of quality answers the following question:
a.  what does the product do?
(&> will the product do the intended job?
" is the product made exactly as the designer intended?
d. how long does the product last?
9. ° The reliability dimension of quality answers the following question:
& When does the product fail?
. b. How often does the product fail?
K c. How long does the product last?
d. How easy is it to repair the product?
10.  Which of the following statements is true?
a.  Quality is directly proportional to variabiiity.

—
Quality is inversely proportional to variability. j
i ¢.  Quality means fitness for use.
Dé— d. (b)and (c).

Question 4: (10 points)
i. A production process operates with 2% nonconforming output. Every hour a sample of 10 units is taken.

If 1 or more nonconforming units are found, the process is stopped. What is the probability that the
process will not be stopped on the next sampte?

i 4 . B g ﬁr’"‘f’ Bff?';::h'f'-:n(: (}/{_1:?,. PR
pgk ':.'Q'; . f\l':),J i:da ( \Cf&_:: - “Cig//

il.  What is the probability that at most 10% of the sample will be nonconforming? \ <

ey P 1) = PO = F(x=e) 2 (ag)'04 (7 ) e r%

-y ,.i r(}‘ - I) fa o
Pk ‘ = ety @l

- :["16}1/ e oy s"f, (\ff%
Question 5: (10 points) D

i. A lot of size N=10 contains 3 nonconforming units. What is the probability that a sample of 3 units

T

“!

X . / -
selected at random contains exactly one nonconforming unit? 2t e g . '{“l; e
o g o R ¢ , ‘ '
‘ L2 :
i - ' \ o0 -
... :' '}. } . !
PR T o] K
} % } } N . 4 ) ;
i”l i P T
i | N
e g U . i_%" )\( ;2 t ) - t—;. .
E ) e 2’ z P s o i o D %J _’{] L= *-:%:\.
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i, IfX~N(u o® = 16). What is the value of p if the probability that X is less than 32 is equal to 0.57

O f Moo R T
) 7 . , 1 = g o ﬁ;j\ Y ) o -
SO @i : = Wbl
' N ; &
‘ ¢ 7
-22 B N 'j‘..,’
: s

Question 6: (15 points) B
The in-conirol model for a certain quality characteristic ( X ) is given by CL = 10, UCL = 13.09 and LCL = 6.91
with 0.001 probability limits and n = 4. %C Lo L4 3,075

i.  Estimate the process parameters p and o. e
= . Lol = of ~=30%4 G5 & Protiy
Ar=cle Mpoceiez X = 10 oo  protis,

Uel = 12092 {0 +3,094 e
e ot I . e B
|G i09-10=2.095 — 31092304 § oy l@’

What is the probability that a shift in mean to .. = 13.09 will be detected u‘nmediate
sample following the shift? X
Mo Mold 4 1épocey =~ 10 % Kép = 329~y 10

:—?3 = [':FL = ,;_!( ol ‘p‘:“f"’“)r . :__’:31 w2 L }:é},‘ Ml e e

{?} - {}'-«“ ,,Q - _.a'ofu'uj .,("; (’I“v;!g-:::lﬁ,':s,ncf ‘f“"\‘\ T e, a2t
R 3 - bl "T'),,T,?,__,,' = '} it s
ii. What is the average run length for this chart? & el { -
9 N RN YT D { ) = /é/
ARL- —1 cerg;mm . a.,,p ) =\
= badidid s e £ i
dr iy

) 1S

Question 7: (15 points)
An  X-chart with 0.001 probability limits has been constructed to monitor a certain qualify characteristic. The

following two rules are used to determine if the process is out of control: i el f‘ j -
1. If one sample point plots outside the control limits. &

2. Ifthree consecutive sample points plot above the median. . P ( » \
. . - g _*_ ) R & -
& s o e N o Banfle T
i Whatis o associated with rute (1) %= { X PHeL) + X <4 )= TE =

LY
PN

O % 2
or T P(E< A0 =Kz + P <~309)
ey ‘m\/ " .‘@ -
- @ Ptle e - x, ,( ]

(5°=7 ] B

Show that o-total associated with both rules is given by 1= (I = o) (1 — &a).
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Question 8: (10 points)
Consider the following data for a certain quality characteristic:
T X =500, 2Ry =50, m=25,n0=4,d,=2,d; = 0.9.

Construct appropriate X and R charts. wiira 26" ini s .
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1 % Industrial Engineering Depariment

g O Quality Control - 96352
g exam # 1
1C  satrday 25/3/2000 o
7y 7 60 minutes Name: __#Fpi0 &/A
A0 ,
Numbers G50/ 5
Question 1: (25 points) ( G -0 /

1. Fiil in the spaces:
1, Quality improvement is achieved through the reduction of L 't:l'-g{,y‘ in processes and products.
2.A value of a measurement corresponding to the desired valug-of a quality characteristic is called
e nominal or tamgel calue €
3.The - largest and smallest w Vygggs for a quality charactenstic, are called
_Spocslicabind LemiHS - o
4. The sample average is a measure of __ e e/ I;::,?J/Mg

5. The standard deviation is a measure of __ g cw flo /e /1 pre C’( : '
6.The probability distribution of a random variable r presenting the number of defective units in a

sample is __jyy ; .
7.The probability distribution of a random variable representing the number of required samples
until the third out of control sample point is detected is <t ;;9‘?}“3 Ve binomin )

8. The probability distribution of a random variable representing the number of defects in a square
meter of carpet is B, 55007 'ci»zfﬁ/}ezfidﬁﬂ/ ’
9.In acceptance sampling, the distribution of a random variable representing the number of defecti;.‘g/’/
units in a sample drawn from a lot of known size and percent defective is if it GCARATE O }

10.The relationship a=1-p is only true when __pirrcess /:\:L A Xt trof cteFUGHY wr O shift 'ﬂ:&““f%
11.The probability that a point plots outside the control limitsimmediately after a shift in the process o Srandares

devtabien
mean oceursis ___J— 5~

I

1. True / False: - / j

1.4(3) = 1-4(:3) L BT 1

243 <4 XL~ o i |

3.4(3) + §(-3) = 0.0027 X e 1 / _ . #0/@”,&/)

4. Type-I1 error is the probability that a point plots inside the control limits, J precess 5.

5.The relationship a=1-f is always true. X '

6. Type-1 error is the probability that a point plots outside the control limits. b v :
;f"'? Quality improvement is achieved through the production of products with best quality. i ‘—/

8. The power of the chart is the ability of a control chart to detect out of control conditions "

O, ARL is the average number of samples required to detect a shift in the process mean.,~ L7

10.ATS is the average time until a shift in process mean is detected. "

11.Control charts, design of experiments alvcepmce sampling are ail part of the statistical
methods for quality improvement.

12.Control charts are designed for the purpose of process.gorrection. X v/
13.The performance dimension of quality answers the question “will the product do the intended

job?” TS

s



Guestion 2: {20 points) P = 0-0L
i. A production process operates with 2% nonconforming output. Every hour a sample of 10 units
is taken. If 1 or more nonconforming units are found, the process is stopped. Whatisthe | "
probability that the process will not be stopped on the next sample? . " iji? )
o e of pORGRfSming pasls i Sasp lo@ie) I bremial (et
. YT 2 O .
;)rm’é* si nel he .5‘/"4'/'7/0640/ mea sl F A )
o) = (0099 L7
ol X =0 x (0 ' 48 /
P

ii. For the same process in part (a), what is the probability that the fraction nonconforming of the

next sample is less than 0.17 .

Wi p =3 -~ ( (- )‘ﬁfo
n i . ) - pl X':O)."’-g 0.95 )

a2 i X <o) = ( X</ / o

f? = P( = < P | _ /

=

iii. A lot of size N=10 contains 3 nonconforming units. What is the probability that a sample of 3

units selected at random contains exactly one nonconforming unit? )
jc oS- o /‘ 70 CoF akm/;ﬁ carfsin sa m/D/ﬂ =l si2e 3 p
0 - G)I)
?(.X:')’" (:) Z f-? —_— 2
.—--——l--'—-"'- — c
(5

iv. I X~N(u, o® = 16). What is the value of p if the probability that X is less than 32 eq 0.57
z g " P 0 R N : F il
A B pl X< 32) = a5 ! 7 w32
s{2 < 32-AM):0:5 / 95
P 2=4)
32 -4
33
Question 3: (20 points) . B
The in-control model for a certain quality characteristic ( x ) is given by CL = 10, UCL = 13.09 and
LCL =6.91 with 0.001 probability limits and n = 4. tg 2
Estimate the process parameters pand . i \r“ o S ‘E.Q) = L i 3:0!
\ie it = cl 0 dx = VA # 8% o p
= = { m/ 1305 = M 37
ek = 4+ 365 F S T0, e = 20

) 20
13:09 = o + 30967 S @%

- 3.69 6;&' = C’Q 21.

5.05 =
What is the probability that a shift in mean to . = 13.09 will be detected on the first sample
following the shift?

,ézliﬁsi’ = Aledd ¥ r'd d/:' |

Jn0s = 0 £ K (2) = K7

1]
<
_{,j
1
N
Al
Lo
(aY]

3.09/2

. S . .
ress 5 ok of “'-”’-""’,J

tg - /3{ fog._,,,? A ‘;.v/f-?/" PO .J‘;:M* :‘"?.-".»‘?f:it‘?/l, ,;,,,w;/ / P
g - (e - _3.%52(’2)) NN ES)
4

/3 = OvE

7329 02y)
<

F & ;‘n'/ ﬁr‘bﬁ}f ) = 1=
= C"l B

bl

PlfE il bo dicbected oo first swgplk) o pl point & o
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Question 4: (15 points)

An x control chart with 3-sigma limits has been constructed to monitor a certain quality
characteristic. The following two rules are used to determine if the process is out of control:

a.If two consecutive sample points plot.outside the control limits.

b, If three consecutive sample points plot above the center line.
i.  What is oy asscciated with rule (a)? o ] s eeatrad ] i =t}
K = pQpeinitepler ouf side conteof Lios |/ pracess (1o T ,z) ot et sicle [l

| P( Firsk P‘::,‘.ni'- plot oul s3 c\e./ /! 'fi’::',gﬁ}a‘/) o ( _5 "‘“{t’mfjf_'z")ﬁ _:yj, (X <L ci
: iel) - pl x<icl ¢ X > |
X = puomgg(Pl X4 + P )7
PR ;

i

ty 4

) )
, " . N . . ? /
~ i IR RIS (g‘;.(:;o 27) ( 0:06 2\.,‘) = (0 ool )
/ ii.  What is oy associated With rule (b)?
X

; = 05
. . : 3 fn iy 1 7 ) ioast l,.’, o JLW“‘FS}. /X ,}( (Pﬂf/v I)
\s/_, W\;-‘l ;9( po‘mf- pilafs abope Cencel LI / -

-. a
. 4 S o M,,/) # }z X
of : : AP plefr abite ol )/ incot . 7
&G = /D(F; Pless "-’éf-;fe’ C’Z./z}'i-—("cﬂf'ra/) ,f./?(P(P ers a P( ? ?id-c:tz:;éc
o, = (0557
iil,  What is overall o associated with both rules?
X = /- (/‘“%)(i-—-ﬂ(’z) /

|

3 (('/_@:@@2?)(6"002?)) (- (6?'5")'?J

Question 5: (20 points)

Thirty samples each of size 9 have been collected. X, = 2700 and 2 R; = 120.

2 R - C ] Wi "“
Construct the in control model for both % and R charts based on 3-sigma limits. )
Bochact

Sl - (molse ¥ Dy = mesib| (7 »1€)( fz@/é'j“) : %;CLL &IZ/HK
/;';T w L= 120/30.

et = ( 120730 ) D

i

J
(4 )(o54) = LCC =0«?3€j

If the R-chart was in control, estimate the process standard deviation

R =i dp )
g (297)dp > Ip 7 £ [)2:9%

i

QODIICK
r’/% K = charf ! \
et = FO 7 ;142:&'; = 904-(0'33:?)(:;,-) _uclk = 9/»3=/l5’/
F.cl - 2700/ |ow go = cl = 90
| e ~(6.237) i) = Lch - 89:652




University of Jordan
Dept. of Industrial Engineering
Quality Control Quiz-28-12-2011)
Instructor: Dr. Abbas Al-Refaie

(/) The X - R charts:
- The X chart: CL =625 UCL=640 LCL=610 F

- The R chart: CL=8 UCL = 16T ClESull
The specifications on the product were 62048,

(a) Estimate the mean and standard deviation. If/l’he sample size is changed to three, construct the R- chart.

Nean = “J(:-=-. CL — ‘,/
Standard  deviation — 'Q—/o\z

:12.60136)

uclL= Dy d?_“old] Rod
nneuo‘—g [ dz old ‘_( R dd = [_2‘\'#1 E - 5 2

b) Calculate the process capability index. Lek: max? 0, Dz (dﬁl Reold = i ;2;?’ 2 % 7S

UBL = 88N ST=612

Sy = Q(d2= %/Q'q?
= 2.6936

/)/ Process Co?obﬂ#%: B<Ld Sl
e

= 62% _ &2
€ « 2.693

(c) What is the probability of detecting a shift in the process mean to 640 by the third subsequent sample

following the shift? NPz .
=M
Probability, of  deecita, R Heoan =640
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/ { Quality Control
%‘\7 (Quiz 1)
/6%{Name: ez . ___'55:5_‘!___1_}!.3 SR#:-n T L
1% = The traditional definition(s) of quality is that — [ i
1o ls £l csiralle. QMCH. [
—— o use. [+

19% = Quality costs are defin iR ERRIREY
[ % %C'S‘Sm?mguid?ﬁﬁﬁbﬁ*_a oid{ -e_.r::--ﬁf.,@.&iﬁ'.g,--.{?.f:p.i&d-‘
ST, raft L ) SR ———

-

2% = Iil}:ésgrate the phase diagram of the use of quality—engin\sc’ng methods:

k. W X
m@";' ;e..p'-‘ﬂ’/ Precess Coadrel \
—%é—cm o A
P = i Dﬁ’?ﬂ f De S me”
M/ =
i Hme

2% = A random sample of 50 units is drawn from a production process every two hours. What
is the probability that the estimated fraction n%nconfomliqg is at most 2 % if the fraction

nonconforming is really 0.04. =
n=.$> P = 0.0

' P <0.6 D o= K .o TR
| = <mpes] P {p<oer] Pl =giefn e
) plxe Q’}:«; (K=o] +P(x=1) f{.?(x:z‘! - w XKL "
(& et o) e (o.as] ¢ E) o] 6B =0:367 4037160 (8
2% = A lightbulb has a normally distributed tput with mean 5,000 end foot-candles =14t
and standard deviatih of Sﬁfeud_ foot-candles. Find the lower specification limit such that =
only 0.5 % of the bulbs will not exceed the limit. 1 e

1. 0.005 = o 415

gt I
—-—-----Q-m{ a=L ) - o o=l

=
/{ ' W
\‘7 - T = iR Bl
N o P w—a? /.'.ngﬂ"us'{'\
a - 5000 ﬁ(Lsf\y‘)Q—;—S‘l‘Zq ‘/ - - wooo.-gtﬁc}‘
— . U R B W 0 — v . — f
L N 4 m : SL = 81|
2% = Surface-finish defects in a small eleciric appliance occur at random witha T
A= 0.1 defects per unit. Find the probability that a randomly selected unit will conta

finish defects.
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Quiz (1} Quality Control

E

Date: 16/10/2008 Name: W\ ID:

uiz.

0{1) What |s the traditional definition of quality? Mention three quality-engineering technigues

used for reducing variability.

F it necs gr.r Us e
S Docah of  Erxpamio ekt
'2) Con vl Claerks

3) onccepiownce %C’W\?\ 1y

Q{2} A prduction process operates with % 2 nonconforming output. Every hour a sample of 20

units of product is taken, and the number of nonconforming units counted. If one or more

nonconforming units are found, the sample is rejected. P=o.c2

w s 2o
1- Calculate the probability of rejecting the sample.
Pl 2\ = (- pPCARLL)
.y Do A & gy 2 i .
]l—léx“;o) = i-(u)(e_aa—‘ (e 4%) = 0\332"‘5

2- Using the poisson approximation, calculate the probability of detecting at least one

nonconforming component. Is this approximation satisfactory? Why or why not?

e A< ApPvR- VS :‘;c\_i(‘;.“pL‘ﬂ.C'E‘a'\(‘%

7\:1«\-‘) = 2.0(",._0'?,) _ oY
— e -
Plrz0 - . P(x<OFEL % N _ .

i '

D‘év'/t 70\‘;3

Q(3) let xy, %3, X3, and %, are exponential with parameter A = 3 and independent. If y is defined

as the sum of the four distributions.

{a) Whatis the distribution of y? Write the density function, f(y).

Y 6 (Camma) distyibakion wdh A=3
- . v—i  — %X = =X

AKX e . 3% &
(H’r-—i)i_
{b) Calculate the mean and variance for the distribution in part {a).

Mern = X = Hooo\, 3233

A 3
Vow = X - H. = s o9

%Y;—%
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/ '- , Quatlity Control i A
5 / © (Quiz 1) (2009 ) 2" Sumerds..
Student Name: -- ’;_. ‘_ ke ID: - Cmmeee SR#-—— -
1 % = The thadern definition of quality is that ~Guality s in \!Efje_lj_-_____“,%;
_______ ]DJC::LPQ _f_g-;_q.a_L___“i’:Cz_ﬂ___\La_ﬂﬂkbA \.Lj—-4—--------—---—----_-_---M_“_____-__

1 % = There are two geperal aspects of fitness for use:
(1) ——_%HCLLL}:&____WQ& _____ 0
l @) ___%uc:ahl_kj ______ o i nﬂl.oxfmcaj’k_e___» __________________________________________

7% = llustrate the application of quality- engmeenng techniques for systematic reduction of
process variability:

I & VU WY e

2 % = A lightbulb has a nonmally distributed light -output with mean 5,000 end foot-candles
_~“and standard deviation of 50 end foot-candles. Find the upper specification limit such that

only 0.5 % of the bulbs will exceed the limit.

_______FL_____S EOLIT) 0 . e R, et e, R UL
o~ e R e Q- 005. _______ ——— = & 208 ) -
7 R x=ZUsl) = agb =  Plxgdsl) = - o 2 0.995
— us HMHP...(\ f__ﬁ_lis,ld.__;ﬂ»_ __._._".:.._1.2_}_?&3_5_ ___________________
- RS S S : L .
y .................. gis_Lr_.,S..gae_-ﬁ_mngE “““““ . W
S50 :
R - 5B |
25 2 = A random sample of 25 units 1s drawn from a production process cvery two hours.
)E -25) <$~ at is the probability that the estimated- fraction nonconforming is at least 4 % if the
o 25 raction nonconforming is really 25 %. Binom jal skl bukion
. _M.._n._ﬂ..;z,S _____________________________________________________ ... S,
@s)o.zg(o.as) __P(__E__}__ __QLL;__,____E__L Z0,04) _____P_L 25 4_9__9_‘_4)___:____9_@5_.&Ll_ "\

/2% = Surface-finish defects in a small electric appliance occur at random with a mean rate of
0.1 defects per unit. Find the probability that a randomly selected unit will contain at least one

surface-finish defects.
A= i
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FIMAL ANSWERS SHOULD BE PROVIDED WiITH DETAILED (AL ATIONS

El ¥

(4.(12) Please fill in the blank the missing terms or phrases in the belaw table:

x

% The control ehart detects only (1} causes. s8¢ fpra ot

< The (Z) chart is simply a freguency distribution of attribute data amanged by category. Parcto clunt
< The (3) is a formal tool frequently useful in — lying potential causes. G di & ffeck ‘i'*‘hf;; ‘
% The (4) 1s a useful plot for identifying a potential relationship between two variables, 3¢alte - ching
% (8) is simply the pewentave of the specification band that the process uses up fL ),. fUG/

% The (6) is used when the sample size n is moderately large; i.e., 10 or greater. -5 L\mw+s

o _ . . ; s oo |
<+ The (7} is the number of time periods that occur until a signal is genersted on the control chart. H, 1% i
: |

!

»_The (8) is us=d when repeat measurement on.the proceq:. Lmier only bec

R T

r shuhiiy outside the control lnmfs e

9) i§ indicated when the piottc—:d pomts fend (o fall nea

< The (10) is definad as the ratio of the number of nonconfonning items in a population to the total

number of items in that population. —}'P‘M’W R Lo o i

< Ifthe process in out of control and capable, then the action taken to improwe a process will be (113, SPC

% The (12) chart is L.de to control nonconformities on a '310dL§Lt with varizbie mspc:n.tmn URitS. (e buge b
1 A SSiHnal e i ATS "?
._"?.'._ D A i'-t' C:.'E/\J.'Lt’%‘ 8 e,\ WA '...-';;-'\_3" L %‘:",i-i wiyd. Y ?..v’\.‘;\ _ .;

@ o 7 3 E ;

3 e:' LY R Q. ‘i"%“‘-x R ? o AT = !

4 Sealite :’L S ol it Smrm i A Yunn fonde - ; '
iy ; : :
5 Ay s S H BR -j

o : r T i - R | i

6 Yed ez VR i |

N o, P
Q2.02) A manufacturer used the p chart with CL= 0.1, UCL = 0.19, and LCL= 0,01 to control a process, [{ the

_ 2-sigma limits are used, find the S.linpi" size for this chart. (-8 ::\)
2oSk ; o




o —
N .__..___-kQ . Zen_ _\eam .
\
{33(3; In designing a fraction nonconforming chart \’\-‘iii‘.f center line atp = 0.2 and two-sigma o mm! famire.
(a) what is the sample size required (o vieid a positive lawer control imit? (b)What is the value of o
necessary fu give aplobabnu v of 0.5 of deteciin E‘:: i :,I it in the process t0 0,367 (& - ’:'f',f'

i ,i',.

Y
4¢3y Surface-tinish defects in a small electric appliance occur at random with a mean rate of 0.1 date s per

unit. Find the plobabzhiy that a randomly selected unit will contain at most two surface-finish cita, SN

___.______..,mwﬁ.(..m_mi‘;

"""""""""""""""""""""""""""""""""""""""" r_;-;; i
—————————————————————————————————————— P
___________________________________________ |
Q5.(8) Two different hardening processes A and B are used on sampies of a particular alloy. Assume the
~ har dness is normally distributed. Given that « = 0.05 and ;
: b e .
= L ;
Ci= 149 sB”—"S.S Hp=10 f !
a(3) Test the hypothesis that the two variances are equal. |
i
.
4
b(3) Test the hypothesis that the mean hardness for process A is greater than the mean hardneds for :
process 5 {assume equal variances).
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| Q2%.46) An automnobile manufacwursr wishes oo control fae numnber of no*comommi" o5
producing manual transmissions. The inspection unit is defined as four transmiszio

samples are collected (each of size 4).

ot
be)

{#_1 No ofnonconformities | £ | No. of non
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a(3)- Suppcse the 1n5p<=ct1cm umit is redefined & us\ eig nt transrhissions; design control chart for average BT

of nonc,onfoxmitles er unit. g T . .
p ?{‘w [ e e -aﬁ.‘i';-. e he o— B 7 i ‘»-!’*/:1’ Y Ly 5 P! Pl
LA TR % 1) :;;eaisn{-m.- BEE S A A I KPR O W1 LI LIV .
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b{3)- If the mspectmn unit is redeﬁned as two fm':amwwovc consiruet no-chart,

o oo — — 7 ) 7 n= i/@)-

1 Helz & ’E“Q"J 7 4 W Y ;.
2 3;‘1 v T - .‘%1";‘ conill BN @&V | T 3y o e

__,--;31,-,73,,;)111 siAeE B B R N ITRTE [
: 7 ”

¢/

7. j‘ 16} Given the fGllO‘ ving {assurne normally distribuied quality characteristic):
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