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University of Jordan
Dept. of industrial Engineering

> \, 500 Quality Control (Exam-14-4-11)
. Instructor: Dr.Abbas Al-Refaie

H cm\vxa\\fl D VCH - Exam duration: 3:00-5:00
> BEEA3

Q.(1:4) Please answer the foI[owmg questions conc:sely

(a) What is the traditional and modemn definitions of quahty”? How can internal and external costs be

B —
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()] Illustrate the efficiency of statistical techniques for quahty 1mprovement
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(d) What are the Iumta’uong of histogram?
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Q ¢2:8 pt): Xp 2szembly consists of three linkage components nommally distributed with means and variances as
T AT Yo N{& Q). X N5 i xéqu i 6. 0.09). Links are produced by different machines and operators.
P These components are producad independentdy. The final length y is the sum of the three dimensions.
/% - %o - md Xydenowe the averages of components 1, 2, and 3, respectively. Also, let ¥ represent the __

ez Snal lenzth. Use o of 0.03. Please calculate the followings: T Rk Xs
{21 What is the probability that the final length falls between 22 and 24? . @

L vt X Xy e BemSamroa Wy - o, e M 2 reb Aok
JF FrA o= FIBELERES 22
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- o, 3734

P/(Eé Z;..

%
5 e.qgQe o} oS o‘%qq’;’
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(b} A random sample of 16 assembiies are taken, the average final length, V¥ , is found 24. Test the

hypothesis that mean of the final length is less than 22.5. What is the approximate p value?
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{c) A random sample of 25 components are taken, the average length of component 1, X7, is found 8.6.
Test the hypothesis that the mean is larger than 8.

he 2F Vgoeladian 3 sictn <
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(d) Construct a 95 % h‘_'gg:_s_ided confidence interval on the mean of the first component,
K onnB %_; S ¥4 ,

N




ey Ramdom samples of 16 and 25 are takep from components 2 and 3, respectively, the averages lengths,
X7 . amd ¥3. are weasared 4.8 and 9.5, respectively. Can we conclude that the mean of component 3 is

exzcily two times tﬁiﬂeﬁg_gf‘_g_gggggp&g_ntl ezl & ¥z .8 (RIS pow SR
- he=25 X325 B, (Gla aa
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é is studied. The diode failure Jife is

z - ,od
(2) What s the probability that the system will fal before 100 ou? pI=VES
¢ ( X< 120) 2 S
= - * € 4
(Grovn W on, vowz Y /’h_,___—-—-; !
A az 199 " ' i -\ " :
Noaesl ({e - ol '1'( -ﬂ‘))-ﬁ-(e *C‘) )'}
(b) Calculate the system mean and standard deviation ) \ 2! '
pd = = “H_‘\: Ho L= ( 0.36F + o,3 6F G+ (h133aU
>§ P TR ] . (S
Zr x - H Yo oo :E,.(c.qiqq-ﬁ‘>
= = = 7
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(© Caleuiate the percentage of(diodes that will fail before 100 hour, ~ -
P \\ %M-c CJ\“J? Y G e o gw one chiode — e’t?“‘
?é 7 —aal Xl
P(X / p P(kz jos )z l/:o P

(d) If the diode operated forﬁé hours What js the probablhty that mwﬂl survive another
-
100 houys, ?(X>la°‘):‘ 5~‘Q’QXZNQ) - ( b - QT

G_’Xeﬁ\\eu\!\'fa“ = onal
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(e} If the failure rate increases to. Calculate the diode mean and stardard deviation.
e —————— e ey ‘_—l-—“-_——""'_
-L- 2 &

.= oo B

[




@ /e YN

@ apposce that the system is changed to active imraliel system in which at least three comnponents
should operate to make the s¥stem work successfully. Caleulate the Probability the system will
'  operate 488 hours. @ﬂa - P(x:. Hac‘)) ’ = U A= oeal
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Q(4:4 pt) The variabilities of the service times of two bank tellers are of main interest. A random
¢ sample of 9 observations from the 1* teller yields a sample average of 3.4 minutes with a variance of
s 14V.1&minutes. A random sagnple of 16 observations from the 2™ teller yields a sample average of 2.5
S 8| Tinutes with a variance of 0.25 minutes, Use o of 0.01 to ey | Reee

- 0 2_ ?_h‘g\,\m Ay §\ og— 6.95 [ X2 = 2.5
> ~ = gdzeu | §,; ez

(2) Test the hypothesis that the standard deviation of the ‘Service time _for the first teller is

identical to the standard deviation of the service time for the 2™ tefler., T
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(b) Test the hypothesis that the service time for the first teller is greater thamtlie service time for ,,

F
: _ -
the 2™ fefler Y oneAssunie equwil variances, F | o
L& e lowhiow  cuse ) G comse cz:;um\ &= %, -
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(¢) Comstruet a 95 % upper confidence interval on the mean of the 2%
1 EN P“\ ad e~
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tds Consirmet 2 95% lower confidence interval on the variance of the service time of the 15t (ajper.
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Q(5:2 pt) Consider a lot of 100 parts, of which 10 are nonconforming. If a sample of 1g parts i5

i ™

selected, what is the probability of obtaining 2 nonconforming items? Use a proper approximation € \f)

calculate the required probability? Check whether the approximation is satisfactory or not?
- mawial P (2 )f
N = 2.0 @Jcaw« : }"l fw gccmz rie A $Rirewis -
.
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%464 — o 2o 5 sanzel g

¥ (v
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ol ety (et T
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Q (6:2 pt} A company is intefested in determining whether the proportions of nonconforming jtems 8¢ ©
unequal for two of its vendors. A random sample of 200 items from the 1™ vendor revealed
nonconforming items. A random sample of 309 items from the 2™ vendor showed 15 nonconfor}—ffi?lg
items. Construct a@conﬁdence interval on the difference between the ortions,

. | %ﬁ%, Ty K ooF

~ ﬁ:( i"@‘tl
Aa-8) > P,.J .

<A \"“Pz = B
(7:2 pt): The time to failure for a cathode ray tube can be modeled using a Weibuil distribytion wltr
parameters B = [ and 6 = 200 hours. What is the probability of a tube fail at before 800 hourgy e
' &

P C-x'z, Boay - | _ ex{)[ug qu)fl—x -
9 2D
W o -<18)6%

Q(8:2pt) A lighthulb has a normally distributed light output with mean 5,000 end foot-capdles
standard deviatioffof 50 end Toot-candles. Find the lower specification limit such that only ) ¢

bulbs will not exceed the limit. Do sz = aes
M= B ood ?(64 Lo CmaLse
Z= 50 _—
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= University of Jordan
g Dept. of Industrial Engineering

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

Instructor: Dr.Abbas Al-Refaie "

.b,D < pt 4) Please fill the blank with j%erms or statements.

Quality is inversely proportional t . ﬂm\k\f‘-‘j— ———————————— .
° —---E‘--?PIQ&\S’#‘-L-CQS&S arﬁlose costs associated with measuring, evaluating, or auditing products,

-
/j 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 --—»ji\-ﬁe‘f-—-s\%m&--q‘gﬁ@-l‘;‘kt—j /5; foavan e

¢ Testing incoming material belong to --A??m&h&----/y&

« Quality planning and training belongs to -P£&2\eA han costs. |

» Warranty adjustment belongs to __Q;L-\{.{.L\QL__EM cos{

* Internal scrap and rework belong to -lmfml_mm--- costs.

* The most effective statistical technique for reducing variability is DCS@ 'f’?' E%P{HMV‘H
* Assignable cause may result on -Lhﬁa%&(ﬂﬂkﬁﬂfaﬂor XCE\M-%&-TQQL---.

» Histogram requires --L@-f%ﬂ-«--——u,/data, and ignores -}Q‘j‘--‘-‘?’-ﬂ---c%-u..'.-b.lms------.

* A good estimator should be ~---- —Uﬂhﬁsﬂi -------- e and has --Wﬂl—mﬂf{

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
~of 0.25 minutes. Use o = 0.05, test the hypothesis that the operator’s means are equal. Assume equal
variances.

)Q (2: 4pts): Two technicians perform the same drilling operation. A random sample of 12 from the first
\
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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

nh—= | 6
a- Can you conclude that the standard deviation is larger than 2. X = q |
= b |
Lo —6r=——06% Ho 157 = 4 g =22 J
T Lo s 7Y A= 0
N

. X2 —.—(\(\—'\)Sﬁ'L - \5 (‘)_2) jﬂg e e edecled
é) o oy 2 Fejon

’Qx\\ to (eject 1
\Quls Xt o
. 5=y 2 * )

) Nal Call go(\dud‘(
c- Find the upper 90 % confidence interval for the mean of the order processing times.

p (¥4t s
n- \_.O('—"'l
s OJH'%.\. 22l 7, M)

ne
(4 S 2 5 1) —— (@755
Q (4: 6 pts) A/new purification unit is mstalled ina chemxcal process. Before its installation, a random
sample of sjge = 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
4, Use a # 0.05 ‘ Wiy =295 05 =4

) Tesy/the hypothesis that the two vanances are equal. =
B W =2 - |
C Ty 50 bt {2 : 3
ey - =5 o 4
' | i % g___ \ A 5 e \.Q_ l > ,
N g
i T
2 \ \ 7 =
=g [2)MA ; D2 = —- — o“foq9 ZZ,
r 2.4y c I8 Ci-'}
KM ‘ }DPLJ“PI'I‘O ﬂ’f-‘l..?lg';—l,nl | oa 6%‘:6_,11: \-G‘U'l,f\\-\ alr ﬂ:;—_‘\\

) Can you conclude that the both purifi ication devices have the same mean __pgréeétagcs o?’ﬁl‘rb‘énty

ro"‘ M L Vowrian &g |2r\UWYI

{4, p ' —Mz=0 Zo :(P(i'-?'\q,])—-»ﬁo —(.22-16)_, "
g7 Erd

. - Z-A4Y

[ 4 5
r aCC," HO 2 ’PJ(\ C\Cq_l—(ows C*DVA' »\!\\/ﬂ Suml
(¢) Construct the upper 90 % confidence interval Mf fification unit. Mean

( l)f’ 7}5(1):
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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. JIf the lot- contams four nonconforming
components, calculate the desired probability using binomia i n. Is this approximation

isfactory? Why or"why not? Cegeck < j
k\’\) P} N ' v
- _ oW n i
\ - s 2 b=
(D= D™= 426N\ D.<

N o - q] 7‘?;
P(X32) = (f/p (1-p)° - L34

- l—pPR<2) - — ek ) ?j ?_: 2,
=\= [P (1=0) w(m)}czp |- [(1\(.1;) (.29) + ( V) () (+39) /6..«.0*

[ - 360354 + %%30\713] = \)/gqqli\.fq

Q (6: 7 pts): The time to failure for a cathode ray tube can be modeled using a Weibull dlS‘El’lbutl% -

paramete ]3 J and © = E 00 hours. ) Condikion| of,
(a) What isthe probability of a tube failing before 800 hours? APdotmhion
Le avse e,—;_\ —> so weibull CorVery +o ?XP@mmJﬂcJ\ JAS WL@-O\CCW(‘
M- L= L —
2o

?(*S‘ZO«D): I__e

L oo
= =%  _ \_ . 6@ .2206\7

(b) What is the probability that ti'le tube will survive 300 hours?

M =L x30
P(X >200) = - T L ngg/}q/

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

= Gt o Gamma =3

f\ _pa k_ _\F
k= Goo) = Q"* i
/V é + \z= ~—,=\.—P 1 T 92 |
—x®o L wou6 —?J. 1 «Goo 7o F_L < 5&0\ — 1999742 \48+2
F (’}ETJ & (j-b—o—l—")‘ Sy L= _:2 §

-2
(d) Assume the system in part e can operate with at least 2 tubes, what is the probability of system | o T16H }
operation? (hint, use the result of part b) !

Plen = » =

P (r<q)
\ - ‘@4:«@}703
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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: G/ b
1. How easy it is to repair the product? refers to durability. ( X ) Secyie d
Yixg ’&"W“ T \actric leg
2. The sensitizing rules are also called the zone rules. (X ) ---—----
3. Traditional definition of quality is fitness for use. (\/)44-—--
4, Taste and appearance are examples of sensory critical-to-quality characteristics. {\/ ) N
5. Design of experiment techruque is the most efficient tools in reducing variability. (Vv y===meeen
6. Product inspection and test is an example of appraisal costs. (\44 ------
7 Llablhty is an ¢xample of external failure costs. (p/f/ -------
8. Prevention costs are those associated with efforts in design and manufacturing that are directed toward the
prevention of nonconformance. (¢¢”) --------- e :
. gl (S
9. In statistical six-sigma, the fraction noncgnfgrr'rﬁng is 0.002 ppm. (%&=) -
10. A histogram is more compactmu&gmmn a stem-and- le&ﬁnlm = NCHIESPNP-SIFR URER.
11. The box-plot is a graphical dlsplay that simultaneously several important features (location, spread, etc) of
the data. (\/i‘/----- "y Y PR sV |
Gubref g - € LB i
12. The '_o trol .1rm~ contam!and two control lmuts (X)) = / C_t*_«!r;gg LiwecL)
13. The spg_g;; mi\ﬂs are used to decide g@;_product acceptance or rejection. (\/)//-—------
' 14. Theré1s no mathematical relationship between specification limits and control limits. ( Vﬁz‘- -----
15. The rational subgroup concept means that the chance for differences between subgroups will be mammlzed
while the chance for differences within subgroup will be minimized. ) /{———-—
16. Random sampling is performed by takmg each sample of units of product that are representatwe of all units-
that have been produced since the last samme was taken B —
17. A run oflength eight or more points has a very low probability of occurrence in a random sample of points. :
Ty g
18. Check sheet is simply a frequency distribution of attribute data arranged by categor};. (X )/%33:(5}0 Chat .
19. The defect concentration diagram is analyzed to determine whether th&a}exfw of the defects on unit
conveys any useful information about the potential causes of the defects. )
20. A process operating under the existence of assignable causes is said to be out-of—contro‘lyﬂ -------

%




:""iv%

; fi = +000

;’ 4: 4 pts) The specification on an electronic component in a target-acquisition system are that life is must be
7 betweerh 5,000}and [L0,000ihr. The life is normally distributed with mean 7000. The manufacturer realizes a price

J e 1 9g

Fle, ezfoaded Pf‘of).‘io'

So 5 XN S69%.1S e
- If a sample of 40 units are selected wit¥ the same mean and standard deviation. What_zstb_ejmhabﬂnx,that

mean life will exceed 10, 0007

h-to & M€ e eI

-t

- oo -4
[feelr )
[y '

= oc.ool3% x

el % >iovog) = - PCXg 100 0o )

=1=*(2 &3) = }\—0-9F%sso

b -‘?‘}.ﬁ,;':' R

Q (5: Spts) A system is composed ofﬂeliq‘w_o@ that are e\ponentxally distributed with mean life to

failure of 500 hours. \ = & = 0s0 i'z:_\

- What is the probablllty the lunit w111 fail before its 500 hours. us¢ . \s.\r
> (Bop)
Fa)= Feseo)= | — @ & a

_a.oaz("?ﬁm)

| = - g - 0.6F2\2 Sau
- What is the probability that the unit will operate 400 1f it operated 300 hours.

- O oi‘ﬂ-(hi’ﬂ‘-’\
Flay = FHoo) = e

conﬁguratzon? USE G Oish. @

R(GOO') -

of $_T0 per unit processed. However, defective units must be replaced at a cost of $ 3 to the manufacturer. The a g
standard deviation is 1000 hr. ’ c = &ﬁ LA
e e V\?-- Fowo /
- Calculate the expected profit “:henSS,OOO_Iare sold.
:ga'\f.‘?':‘( Soms ~_-:_£§O oo P(X ‘i{:%ooa) |
mm—— | 5 P
Pz s~ Y R
Co 00w — Sé %
e, Q*(oe Yo be depgol. o
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University Of Jordan
Industrial Engineering Department
Quality Control (Mid-term, 27-11-2010)
Instructor: Dr. Al-Refaie, Abbas

Section: .

lease state whether each of the following statements is lealse (if false, please correct it).

. -
& control chart detects assignable and chance causes. (_,.---E@J.S._@ (only ass 13”0“5 E-J
A product is considered defective if it contains one or more minor non’c;c\m/fbmgtles ( -
CJ‘SI'-'L

3. Quality is directly proportional to variability. ( talse

4. When six-sigma is used, the fraction nonconformmg is 3.4 ppm. { o "{Qfﬂj\

5. Length and hardness are examples of sensory quality characteristics. (-~---- JC-E-"JS-Q -------- CP ’4- Sil) .
6. Internal failure happens when a product fails to operate successfully. ( Felse, CE "J—‘ —-1

7. Inspection and test of incoming material is an example of prevention costs. (--MS-@----—-CAP— z -SQ»L. )
8. SPC reduces variability more than design of xperiment, (~---------b-tt & ploceonmammnmmmmnmnnes N

9. SPCis based on sound underlying principles and can only b;: applied torindustrial processes (---Lf A---

10. Fitness for use is the modem definition of quality. (----- False, 7 C;{rg;[gb_f-_:gﬂ__@_ﬁ_)_

11. Specification limits are the parameters of the control chart. (------lr-'-"-e~ —

-

12. Aesthetics is “What is the reputation of the company or its products? *( ¢
13. The H'x rogram is simply a frequency distribution of attnbute data arranged by category. (---.Lf.‘f‘.‘.e. ..... )

14. The defect concentration is a formal tool frequently useful in underlying potential causes. (----If-\---?(

15. The scatter diagram is a useful plot for identifying a potential relationship between two variables. (------ o

16. A process operating in the existence of assignable causes is said to be in-control. (~—-E@£5-ﬁ—~-~—% £ conle] )
17. Control charts are used to lmprove the process and estimating specification limits. (~~T R

18. When a process is Operatmg properly, an out-of- control action plan should be done. (---_-t:’fi"‘-— 2o,

19. SPC is effective in eliminating variability. (-------- 7 i

20. Stem and leaf displays the three quartiles, the minimum, and the maximum of the data on a rectangular b (----CfJSe

C loox P'OB

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

- JLUCL........c  — UCL 2 L L 3T
3%, P Ll 38
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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) A= 300

a- Write down the density function for the useful life of the system. (2 pts) /{ = Q-CQ3)\

NOTU. R T IS VL =SS N SO ol I V1 7= SR
......... PUXSA00. .2 0 G Ko LT
.................... zaFNLJrQ e, s s ererirranenesreserssensetrnnncanrnsasanans

d- If the useful-dife of the system is approximately described by a normal distribution, what is the probability that .
the system will sun_riye more ﬂl\{i}l 600 hrs? (3 pts) SRR

Q (4): A system consists of three modules A, B and C connected
Weibull distribution with scale parameter 8 = 100 hours and B = 3.2. The time to failure of module B follows the norma
distribution with mean | = 400 cycles and standard deviation o = 32 cycles. It was also noted that during 1 hour, modul
B performs 12 cycles. Find the probability that the system will survive up to 240 cycles of module B. (4 pts)




Q(3) The filling of glass bottles with a soft-drink beverage can be performed on two machines. The filling
processes Liave 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?

SUUROURE <1 1Y/ aﬁgla%(w*e:j,M)] PLSSIC&LEUQJHLSCJ"NC“‘%GSLQ

b- Test the hypothesis that both machines fill the same net contents, using o = 0.05.
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= B same net ntenfs
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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,=to fla= @

¥, = 4-f X, = 54
e;%-== a-d €§?£

O-s¥

Sz [
....... B ], B0 2 U . ..

a- Test the hypothesis that the two variances are equal. (4pts)
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or should be exceed the mean of the first operator by 0.6. Can
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b- If the mean machining time of the second, ope
we support this hypothesis? (4 pts)
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y t the hypothesis whether the propsrtion o nonconformmg for second operator is equal to 4.5 Aa 8¢

Q (7): The variability of the time to be admitted in a health care facility is of concem. A random sample of 13
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 tune to adrmssmn is less than 0.06 at o of 0. 01‘? {3pts)

Q (8): Two operatdis 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 o= 0.01 (5 pts) iz loo > gra
— Nz=Poo—> B ion
a~ Can we conclude that the difference in the proportion of nonconforming parts produced by the two operators
is greater.than 0.0187,
o - O ok

BT (M@ (Bro:8).=

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

spprodmation saisfaoory ) Gpts) “plico s saen, Azt (hype 3'¢omc’+;c—5b?nc
-_-74_4;.@&.,,J.}_A-gfxrn)ipﬁs u-_---___c:mALJma__ﬂ___c; Col 2 0O ST o sabis fa
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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 Fa

- The R chart: CL=8§ UCL=148_1CIE=10
The specifications on the product were 62018,

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

Mean = ¥ = cL = [6258) /
Stondad  dlevation ~ R/4,

oy e
o BB b= [dzmee - [;:z}% /m

2.az7

UsL=628, LSL=612

6= Rldy = B/2a7
= 2.6936

(I/ ﬂoceSS CO?Qb‘H-%: sl | Sl
‘ €&

= €28 _ 62
€ « 2.693

(c) What is the probability of detecting a shift in the process mean to 640 by the third subsequent sample
=Wt Lo U0

following the shift?

Probabilty, o  deleditay
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b) Calculate the process capability index. Lek: max? 0, Oz (C‘azz‘%“a{.] Rod = éqsl‘g {3&
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Dapt. of Incustrial Enginesring _
Quaiity Controt (Mid-Exam- 26-7-08) ... -
instructer: Br.Aboas Al-Refaie :

PLEASE PROVIDE Fiﬂﬁ‘i ANSWERS WITH DETAILED CALCULATHONS AND =QU&T§G:~!S

G.{1:23) Please jill the Blaisk with proper terms or Stzerents.

. L, Varjability. is myexsely proportional to (- 1-). ST oacrdis ‘ - R
-e (-2—) mcreasc fhe sensrm‘y of the conim? charts and result i false alarm of ou-e}f ‘control.,
» The s:‘ua*soﬁ in which { the p'obahmty of producing a  product within speczﬁcmcn fimits is "097%

is referred to as (=3—)
e { ,4_.) are fhose coszs assoma’fea with measmng, evaluating, of auditing ;roa’ucts componen-_,

and uLTChEbSu umt:ﬂ 1to ensure conformance to'the sta::dmds that have been i -rlyosed

s (—5--} is & TOTE cempact summary of data than & (—6-).
e« The (—7—)is 2 g:anhzcm display that simultansously displays several un-aa-tc.m features, such as’

location or cenital tendercy, spread or variability.
I 2 (-8-) is a graphical method for determining Wheﬂier sample data conform o a hypotbesized .

distribution based on a subjective visual examination of the data.

G 'I‘he (——9—-) xs the smallest level of ﬂm—t—lﬂd'}ead‘to*ﬁechon ﬂf .*herzm_. hy‘pcthesm e

xmurovmc ca.pabihty through thé reductton of vanablhty -
o The process that is operatmg in the prescﬂce of asmguable causes is said to be {—11-}.
s (—12—-)isa flow chart or text based description of the sequence of actwmes that must tal"e place
following the Gecurrence of an activating event. I '
» Control charts are used to (13—} and {—14--).
o (--15-)and (~16~) are the most important properties of a good estimator.

a (—17-) and (~18--) are calied producer s risk and congunier’s risk, respectively.

G (3:12): Two operaiors narrorﬂ the same machining operation. Their supervisor wazits 10 estimats the
difference in f the mesn mach,nmg times between them. It can be assumed, however, that the distribution
“| of mach:ﬁmg Fmes 1 noimal for each opsrator. A random §ample of 10 Trom the Itst operator gives an
average macmmng-ﬁmm miputes with a standard deviation of 05-minutes-A random sample of &
from the second operator yields an average machining time of 5 minutes with a staﬂdam deviation of

0.8 minutes. Use a=0.05,

a- Test the hypothesis that the two vana.;ces are qual. Gy
b~ Find a 9':% confidence interval for the difference m dle IDEesn TIEc mmnc' ﬁm&s

i n'cah—n‘-cﬂ - }
2y .
\ (»“:c-T:—,st fhe hypodhesis that he szsimi \.r; sratoTs meen Is lergs hon the first n—-«-sr‘“-ﬂ’."g mezn by fiva. {\"f) | .
= s s e - < i
E\ d- How much is the approximate p valus? ({) W : :
= i
. .

g makEy ) |

.df)"‘\—'i\'\7-<h"

. R b T TTELR L
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: | BV A s SR -

3 _ 1. R 2 I
G (3:5) A =TIy I imierested in determining whelhes 1S wﬁi&_ﬁb f nonconfomuing Tems are .
' -pnegual for two of xis vcnao*s. A ranéam sampie of 150 ms zmm “the Hrst vepdor revc&ed 4

~f -.-:.W.J '—r.a—---:la-—— i i

T "‘:icin(‘,bnmzmmﬁ Fems: A :.c...u.huu.a Zampie of 2?_‘3 Hemae HGom ths ssoomt ¥ =] oy
" ponconforming ifems. flse o of 0 as, "ﬁ"h&t. c:m you ooncluﬁe‘? Conm% t 2 9G % confidente mzerva on'
( 2.

Vthe ﬂlffeance beiween ﬂ:te ﬂ;.ro pIOPOﬁELGnS

-t

Q@ 12) The time fo process ‘customer

e teﬁ-ﬂeaverag&pm issfonne ,
" deviation.0f 1.5. Useu.of"ﬁl - g _ ‘__ . o
e - = e

2 Test the-hypothesis that the staadard deviation equals 2 veisus t}:ie altcmaﬁve trgp@thésis st the
standarddevaﬁoulslessthanZ ) -
* b- Use the p-value to decide whether to raject ot fa_i o reject the nu_'i hypot.mms pa:t (4’) ! ’-‘J
th 3 9‘0 % co;.ﬂdenc... ¢ interval for, the van anée of the order pmcessmg tmes. (_4 3

Q(5 2} Consﬂe* the Q}lewhart % -control chart wﬂ‘h 2—sigma hmlts Assm:ue the process - in.
COJ.JIOL - . : '

 a- Calculate the average rn lcngth (ARD) &Y
b-Is ARL an effective tool for sampling? Why or wh)@ Ghow calculations) (32

c- if samplmg 1s made every halfan hour, calculate average time to signal ( n

. :0De. ‘Specificatiofis on ﬂle charactetistic.are 3,_-;%%&?. A mn_t—&_lit falls ‘within specifications-en this A7

5 %&&Eﬁﬂmﬂyﬁsﬁ&ﬂfﬁﬁﬁ&bﬁe&m&ﬁaﬁdmfmmﬂﬂ '

(6 6}A T

%:'ﬁﬁymﬁéﬁmgsmapmﬁiMG'If SEO5EK B2, swhereas ifx > 7, theprent:sﬁ*" T e
4. Calcu]ﬂte—ﬂlee)gpectedpmﬁt . ) " Lo . I

{h 75 6} 'Fernc chloz:tde is Lsed gs a fiux in some typ% of exiraction metallugy P‘GG&SS&G ‘Suppese that
" from long expedience a reliable value for the stapdard devistion of flux container weight is determined
to be 4 Tb. How laige a ‘samplé would bs required to ‘construct a 50 % two sided confidence ;zitarv&_ on

themeantua:.hasam’wlmﬂ ofllb‘? . L D T

i —= PRTES

Q (S:é'} It 18 estimated fhat i the average mmnber of smface defects in 26w of n?ar oroeduced by a
process is 4. What is the probabﬂﬁy of finding no more than two defects in 40 m" of pcxl.?ﬁ' ter-’.mﬁ
rendom selecon? - - . . - o TSP - :

|__pammeies f=3. aﬂdﬁ =200 hours. What is the pmbabﬂxuﬂﬂa_mhe-ﬁp ::atmg for ai most 800 hom*s‘F' _

¥ - -

0 (9:5): The time to failure for 2, cathode ray tobe can be moc'icled uging & Weibﬁ}_ c’.:str'buﬂozl with

- ((10:6) A Lightbulo fias 2 nomnally gq’cﬂ: “*uted Hght output with mean 50{}0 ead foo*-cmdles and o
standard deviation of 50 end foot-candles. ‘r"‘mc th%lgviaﬁg_m;-gﬁiagg_ﬂ_ Hmit such ﬂsat ozty 6. % of th

bJﬁSWﬁIﬂ“L&?B&ﬁzﬂiﬂ‘lﬂt -_ : L -_ ] SimL 2 L ;" s 5 -

iir @Eumﬁﬁ““@e_rvc_ﬁg 533 .;{hiﬁs a.wc'&ms to & Poisson d.s*ﬁb?:f:m-% Ax inspector CoUS.

e suf.mﬁ' Seish cefecls in dishwashes; A rengor SEODIS r-five tishwashers-cestgin- st s3ch
defects:. Is thers Te2sgn 0O om“clwu fhat ihe mHeimy ogenrrencs Tale of su-za,e-gmsz ce.ams -mar
dishimashirs sﬂwf C,ﬁ Usea—ﬁ%; Uséﬂ:a G,_;:fi_g..,;._s’_‘m"“ igthe poisson.- . <

'=‘ - N b 1y =

. o
i SR pe——TT = " - TR

JE e e - v =
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3{(6). Samples of fabric from a texule rmII cach of 100" m are se]ectccl and the numbcr of occm;rences of

foreign matter are record'ed Data for 25 samples shows a totzzi number o m

a:2 What is the proper control chart to ba used for momtonng fuf:ure productaon'? Calculate ﬂlc 3 sigma control

- P =
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s e
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effect on the contrcl chm a} - s
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a(a) Suppose the i mspection upit is r‘:deﬁncd as e:cr_ : ‘Tansmtsslms dcswn conuol chafc for avzrage numbe; .
e S B -'V—ﬂ o _'———.—""-'_-—u—- :

o = ; B e :
fnoncoﬁo@he _Der | “ffnﬁ, :vTF,!A_- ("e_;:,;%*:r i 'ﬁ E/HP A R,

{_h;ul- . """"\{f” +E\)\_5 C I/\ﬂbv'{' h .")L\ ?\.LL.._L.L)‘SL‘_.J_&' 17‘-r _ﬁL‘i- ;M wl'-(,.’f_j.:\___ram_ﬁ_ul -
.' _____a_}_el_ : ] e’l’" fj_'ﬁ-\.t =7 AD ‘\'yu._(“ C"‘\;’%-%L_ _L,: n.JAA '\’Y‘\_(Lﬂ L v i‘! ,:‘ . . ..' -
N Ay e - L =YY 3

~. d g . f . X 8 .

b(3) If the inspection un1t\§rcdcfmadastwo &ansm.zsszons constmctnc—chart. e e ;_, E

; oo il
G_—E}t’ﬂd@lmkz == e S R o

3 ficm,. C ‘i—’ZJc, *_"g"m..‘ et M il ”;;*3\.};95' e o
L jf.‘::""'- %ﬂﬂ F B " : N Ne—.3 '._,;:" L= i .
-Q7 (1‘) Gwcn the followmg (assume normallv dwtubutad ﬂuah‘w ch& ctcrr stzc)
(0Tbe %-R chis: Qg e st
e ¥ charty &?CL 626 qCLmiﬁ‘:ﬁ JLCL-"— 614 '-ri_=4". spxlﬁcaﬁcns.010+
.a:—TthcharL *uch—ws Cr= s,ﬁ LCL=0 Ry ’i""
(/.)Th x—schaﬂs._ W o e Ll W
- The ¥ chart UCLS710 CI=700 LCL=690 ne4 Specifications; 705415 3%
, -T'hvscha:*" UCT —18& L=38 LCL—O . “7/7“5
I, 1-Fmrx Ecﬁ;ars(@) e M) Pectﬂtco&“m .D'lw‘t:-‘- QL+
' a(#)Whatwomdbe -.he‘,sﬂ_n fe of eﬁ“cho:znmc?*n_- “‘_ng and process capabm‘yqa x? B
S ‘*f! Y, e T :
| f%n = 3“’ oSz
flgz Pm g 4’ Ls‘! 15 Pk ?1}‘5} i
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FAMAL ANSWERS SHOULD BE PROVIDED WITH DETANED (AL ATIONS

s .o . .
212} Please fll in the biank the missing terms or phrases in the below table:
<34

-

* The control charl detects only (1} causes. ,;gsata!—m AT}

-~

« The (2) chart is simply a frequency distribulion of allribute data arranged by category. [ervte Chunt

% The (3) is a formal too! frequently useful in underlving potential causes. o di & * et NEN S

ey
'§¢#

The (4} is a usetul plot for identifying a potential relationship between two variables, 3¢afie- cling

 (5) is simply the percentage of the specification band thal the process uses up. L"{ga f ua}f.

_1_‘?

 The (6} is used when the sample size » is moderately targe; i.e., 10 or greater. §-5 dhonts’

“ The {7} is the number of time periods that occur until a signal is generated on the control chart, A §

The (8} is used when repeatmedsummcnt on_tlne procesb mu’cr onl y Ueceuse of analysis mror. - _‘.:mir.-:.,&; -

< The (10) is defined as the ratio of the aumber of nonconfmming items in a population to the total

number of items in that population. +ryacten i ¢ ”“JJ“'JW“"% L

g

< Ifthe pmcesa in out ofconnol and capable, then the action taken to wproxe a process will be (113 D

% The (1Z) ¢ hart is esed to control nonconformities on a modm.t with variable mspeutmﬂ unis. o - chee b

g 005 1 P
1 aSSigrablc. ¥ ATS i
5 T - T , i
2 Papyaie Cind't 8 i ik - P, YRl o i
= I & ¢ 1 ) 3 3 : :
3 Coeriwz B Biee X e 3 A ) !
4 T b Ve - . ko ! !
i s bl ol Ee— : 16 Cmmt O Yo feank X
. T S - amne] !
= . o, 1 . ) ;
= ‘f:: o tah L _ A SR -l i
: gt —B e ® — :
- AR e ;
é Mo CORNeR AT i+ i <, Cbdl [ i !

Q? {f. A manufacturer used the p chart with CL= 0.1, UCL = 0.19, and LCL= 0.01 to control a process. 1§y
2-sigma hmns are used, find the sample size for t}ns chaxt {{- P8 ::\)




H - LI T TLITTITTCT O
Kaizen T
e — Al Zen__\eapr
]" -
q%{.’;’; dssigning a fraction nonconforming chart with center line at p = 0.2 and two-sigms control foan.,
eid a positive ower control limit”? {BYWhat is the vaiue ¢f'x

{aY what 15 the sample size required to vie

necessary tu give apiOI'J‘IbUU v ol 0.5 of éeiecé_'i:g a shifl in the prosess t0,0.267 (& iy

4¢3y Surface-finish defects in a small electric 4ppl1an e oceir at random with a mean rate of 0.1 detr s per
unit. Find the probability that a2 randomly seiected unit will contain at most two supface-finish dgjo e
________________ _ﬂ&__s?l“&.:i_______.....mw..---u_..--______________-_____..___--_.........._.__....._____...-___.._-_-_____..___"-_-._-_-_-_-_‘.“-_-__- !

{35.(8) Two different hardening processes A and B are used on samples of a particular a
hcudﬂess s normally distributed. Given that o = 0.05 and

) 55140 5= 55 =10 rF B
a(3) Test the hypothesis that the two variances are equal. 2 |
¥ i
T ‘
— ’f’ ’_‘f“-':'r"“}i“E? 4
-E‘_"f! T Tk B I DR L T iy . Fi -

~

B(3) Test the hypothesis that the mean hardness for process A is greater than the mean harduess for ;
process & (assume q al variances).
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24, (eu) An zutomobile mannfacturer wishes (o control ii ¢ number of nonconformities is a bdua 52
producing manual transmissions. The inspection unit is defined 25 four transmissions

Yoizen Toom . o

samples are collected (each of size 4).
N | # i No.of nonconformities & | No. of porconfannides |
A R ! 1 ! + 7
g 51 U m 5
(=il s 2Ny, d\”z;;g/h )/,h ¥ 3 10 I
- N e 1%? Bigae o |
{2 Y- T SRR R - s
SSYZATE n i 12 g |
Gl e D A3y WA Lo G REN Lo
L 57 L& 2 14 i g
I . ¢ - Y = E |
Lt - R 48 ;‘ 7 1 15 ! 2 i

. A
a(3)- Suppcse the i inspection un unit is redefined e:&\ ewht traz smissions, design control chart for average number

of noniconformities per unit, . f ' _ MY N B - 2
e e dlgm Fffrimrﬁsi s BB/ ELRY o o i ]

A VA A P s VIR (PP L{",‘--::*w P,

et B e —,

£ %
A RE P ‘L,f AT U
4] =

et :__L____ h-é:f A
- - - el o2
- e A e IR S S LSl ‘z 2on A6 — N0 B B o S
. b(3)- If the inspection unit is redefined as twe transmiseions, construct no-chart,
iy Pra ‘ _: - -iemnpldlais _v“ _i_____; “-! - . Pl - - i TR i ' : 9
: I i s NEMD s pe T R
R T3 y '
___________________ lels € 134 ¢ - -2 Y A
— Lol 2 @ ade” - . |__inEa ey o= -
T i o

__-;’-i.’:,’:}t,;f.f’l:j("’ S J;ZL' f i faiinai s ;__(.__'_‘_55 e | ’ Hz_g_f-)(’_f oy o 'n‘wj;'é e —
I f < 3

’}7. f’ 16) Given the following (assume normally distribuied quality characteristic):
%(1) The ¥ - Rchaﬁs ] e
pal, - g - Par ST ! 3 A

- The X chart: -HCL = 626 "'L,Fz}&i«ﬁ L= 614 n=4  specifications: 610415
e The Rchartt UCL=188 71=82 101=0

. Ly

. , 2k

_L(?.) Tb.(:. X -s char‘s >

- The X chm't. UCL=7I0 CL=700 L{L=600 n=d gpecifications: 705:k£15
-Theschare UCL=18 (L 8 :’:Lx 4] . g
I For ¥ - R eharts (8 s ﬂ; T T

a(4y What Would be the estimate of the fraction uor:;o“‘tg- i m* and process capability index?
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Question 1: (fill in the spaces) (10 points)
. Quality improvement is achieved through the reduction of %geéih‘#; mrprocesses and products.
- The sample average is a measure of __ o fn € fes1derit £

2
3. The standard deviation is a measure of < ¢ o e, Cr 52 rlacl o VAP ‘wdi b
4. The probability distribution of a random variable representing the number of deféctive units in a sample is

bilemigl .
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 _y eqm fiie binowia L ( Prscs

6. In acceptance sampling, the distribution of a random variable representing the number of defective units in
j\/( 3 a sample drawn from a lot of known size and percent defective is J.’l?,&zm_ <
v 7. The probability that a point plots outside the control 11m1t51 mrnediately after ashﬁ@cess mean

oceurs is equal to |~ /3 ey
8. The statistic that is plotted®n a X-chart is W CZ = M= & o
The R-chart is used to monitor variability \Jair; (Y mes ,,,,l::;-t«,v IR
IO The X-chart is used to monitor variability p §§ b samples. ety Sadie el
Question 2: (true/ faise) (10-points) -CEL}LL
_ -2 - =
I 62)<1-6(-2) X /i-ﬁd’ 2 - P2 Y
3(3) > (1) &
$(1) + 4(-D =100 T

Type-I error is committed when one says that the process is out of control ww:;tuali y in control. Aﬁkf

_ Type-I error is the probability that a point plots outside the control i e .
g‘ . The relationship «=1-f is only true when the process is in control. M“ dcrw s (Kzo)
/ . Quality improvement is achieved through the production of products with best quality. xY/'
. The power of the chart is the probab:hty that a point plots outside the control limits 1mmed1ate1y after a
l D shift in the process mean occurs. ;/.XI— >)
9. ARL is the average number of samples required until a point plots outside the control limits by chance. X A

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

quality improvement. o’ /

‘ O e R

S
!

R N

Question 3: (muitiple choice guestions) (10 points)
I. A cause and effect diagram is used for:
a. Checking randonmess of data.
b.  Checking distribution of data.
- €5 Determining reasons for possible problems.
Determining the flow of a process.
2. Which of the following statements is true?
a.  Type-ll error is the probability that a point plots inside the control limits.
b.  The relationship «=1-8 is always true. ~~
{c) Type-I error is the probability that a point plots outside the control limits. <"
d.  All of the above.
3. 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 oceurs.
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.
4. 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 /~X




5. A histogram is used for:

a. Checking randomness of data.
/@ Checking the distribwiion of data.
¢.  Checking trends in data,

d. None of the above,

6.  Which of the following is not part of the statistical 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 correction
b.  process monitoring

DL c. 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?
(b)) wiil the product do the intended job?
L’/c’." 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?
D< c. How long does the product last?
d. How easy is it to repair the product?
10.  Which of the following stateinents is true?

a. Quality is directly proportional to variability.

Quality is inversely proportional to variability. j -
7 ¢.  Quality means fitness for use.
DL— 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 aampleq

. vy - B g %"V Bfﬂvr"' :C (M"’L:
I T :.J.": " Wi 7 & t e
} . K koJ k|0ﬁ. ( J ;g; -~ s\u{d/

ii.  What is the probability that at most 10% of the samp]e wili be nonconformlng'?

i, 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?

2%
g usd
- Hh 2 P 7
! Ln
. . )
- fo ‘x,[ =, -
1 £
Lo o) _
!‘i ;; \I AN i ‘”f ; £
( ) \ conegt
FE TR N - : !
Ha g Fei X

i

P( ,_;}‘ lI) <, i:} Py k‘\".- - (C’i%)\o-i. ( j{‘ww{!aﬁ'@

t
|
| ] ”i r(A. 2 [ ol o —
] G = (9% ~+ )7
o fiwa!g):}/f "f“"é + e‘::} - (::
Question 5: (10 points}) D - ¥l

€



& xﬁ; 4

ii. IfX~N(u ¢°=16), What is the value of i if the probability that X is less then 32 is equal to 0.57

P / «,3‘ o ": n R T
VoML e e T it Fg —~;~‘ s
b W S
‘lzf = N S PR ‘ SO > 5:;% V-
Question 6: (15 points) - T
The in-control model for a certain quality characteristic { X ) is given by CL=10,UCL=13.09 and LCL =691
with 0.001 probability limits and n = 4. el = Cla 30096

i. Estimate the process parameters g and o.
Mi=cl= Mpweain < L = 10
Licl= 2:29= o +3:098

| g 0810 =78 095 s B0 23

What is the probability that a sh1f’t in mean to g, = 13.09 will be detected 1mmed13tely on the first
sample following the shift?

/f/f n e;_d - {Laip l;}'.»i‘ ) rf l\;,d':_._" ] Lj Jr' l( _fé:' s f? Q“ﬂr' b ff:) "‘"i" (:5“ (2) = i ,».g 1 & LE
3w CPCE e~ AR J o if kal S M
3 -A ) e - ‘? ; ko o oy o ) ‘”} A .q ~ '
i.:) - ‘{.? I 1'923 i ":IOJ{I H[_}_ - (-:g) ( - ‘ S ?’-lﬂ ‘EI } N - ;,:__, .(—:l )
What is the average run length for this chart? | & ' * ?

iBatﬁi‘? (0) = (wtng) z Lpfﬂ) =%

\-»-,rB fjf?ﬁ?ffrfﬁl}f# }5? ﬁS!f}«éL%f;?'i’w.,x"“'
Lo Agleebzat ) mme drafely :

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

following two tules are used to determine if the process is out of control: R e fi«
1. If one sample point plots cutside the control limits. &

2. Ifthree consecutive sample points plot above the median.

- }\' -'f "’#@3 h -Si \
i, What is o, associated with rule (1)? = ‘P (}( >t {Cb y+ P OX »\tLLB l' (§> e

£ P (g <heaats =Kz PRy (Y + P30

"= . :
P2 IR S B VR !”.‘ DO b e i
i Cad I - I U . —
a ; 1
What is o, associated with rule (2)? L e et d LTE e, "y .
[ N

( S°=17 ~] S

Show that a-total associated with both rules is given by 1- (1 - o) {1 — o). -

". e P o3 Syt '\
dtate (| =xy  Yhel frmant earelio (B \(L;bkj ‘-
. ~ { sleevy Yuly)




Question 8: (10 points)
Consider the following data for a certain quality characteristic:

L X;=500,ZRy=30,m=25,0~4,d,=2,d: =09,
Construct appropriate X and R charts. o i%n 26 \imai b e .

ey S
(‘%L = ? f -

Ol M 5K

UWCel= o »28—

Ucb = Gl+age = 242 (9 22+ 2724

Lela ¢lv-26p= 2 304

Hm cbi, |
H
[ I {
LA b 23 "i} -
m
{:: [AVRRa { ‘2"6:?0
el s ter f

e e

G

Njo
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Number: G54 075

Question 1: (25 points) ( G -40)

I. Fill in the spaces:

l.Qual_ity improvement is achieved through the reduction of L6 L ;[';g‘. Ain processes and products.

2 A value of a measurement corresponding to the desired valugof a quality characteristic is called

waey . nominal or tergel value €

3.The: largest and smallest a\llj};@k ;_yalugs for a quality ~characteristic, are called
i‘/fugr‘.iff'r‘nfv‘m? é'.;mf/s . o

4, The sample average is a measure of __ e £rer/ ff'@f?{{’ﬁig

5. The standard deviation is 2 measure of __ g oo g /e /1 32708 c:{ : '
6.The probability distribution of a random variable répresenting the number of defective units in

sample is _binoasr) .
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 et j;ga,lﬂi ve binemiu )

8.The probability distribution of a random variable representing the number of defects in a square
meter of carpet is __ £ o ss0? olis fribous v '

9.1n acceptance sampling, the distribution of 2 random variable representing the number of defective.””
units in a sample drawn from a lot of known size and percent defective is it eI (}

10.The relationship &=1-p is only true when wepse 10 A eeatral ol FREHY i DO shif b inmean
e g}ancﬁ.cu‘et‘}.

11.The probability that a point plots outside the control limit immediately after a shift in the process

o ¢ d ks a
mean occurs is ___J - /3 // _ 7 eviakie
P

IL True / False: . / :
1.4@3) = 1-6(:3) " S
243 <@ X7 o 1 ) ‘
3.40) + §(-3)=0.0027 X = Lt )
4. Type-II error is the probability that a point plots inside the control timits. X / precess o3 ok
5. The relationship o=1- is always true. X ’

6. Type-1 error is the probability that a point plots outside the contral limnits. V/v/ ?
'q"'7 Quality improvement is achieved through the production of products with best quality. X ‘-/
8. The power of the chart is the ability of a controi chart to detect out of control conditions v~
9. ARL is the average number of samples required to detect a shift in the process mean.y~ L~
/\ 10.ATS is the average time until a shift in process mean is detected.; —_~"

11.Control charts, design of experiments ar\ld/acceptance sampling are ail part of the statistical
methods for quality improverent.

12.Control charts are designed for the purpose of process.correction. }( '\//
13.The performance dimension of quality answers the question “will the product do the intended

T LT



Question 2: (20 points) P = 002
i. A production process operates with 2% nonconforming output. Every hour 2 sample of 10 units
is taken. ¥ 1 or more nonconforming units are found, the process is stopped. Whatis the . B}
probability that the process will not be stopped on the next sample? | i P _ ‘é )
qu bine amial (0‘(""" f

X o A of e onfotming pasts a1 Saswplo(nld
o < i L shespect 7 CAT =0 .
f’)mc&ss nal é! 5/4//)9 mear F

/D(x -0 } . ({} ’ﬁg)l'(.ﬂ L/

For the same process in part (2), what is the probability that the fraction nonconforming of the

next sample is less than 0.17 i0
ﬁf’%i’\@f\“&’\ﬁr e ) - pOx=OYE (09 g)w‘ |
8. pc X Kal) = pOX<IT 2 P07
F ~t _ ’ \//
iii. A lot of size N=10 contains 3 nonconforming units. What 15 the probability that a sample of 3
units selected at random containg exactly one nonconforming unit? )
x R T ,[‘ et (w‘?/zvrm/,y’ carhrm £ '7?/9/1" eff 520 3 K_\
o > { 7) '
p(X=1) = (:) 2 o i N
————————
{6 i .
3
iv. IfX ~N(u, o’ = 16). What is the value of p if the probability that X ig less than 32 equ. 0.57

L =32

B pl X< 32) = 0.5
pL2< 22 ‘ﬂ') g-3 / 05 35 &8

.?’_.%L’—(’(—. o ey [E
Question 3: (20 points) fre”

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. v/
H 3 — N n &)
Estimate the process parameters y and o. Cfv,c - \Ffr & [gx &9l = Lo 3

@ AL = ct. - fe .
” - 1309 = i+ 26
el - 4 + 309 6F i MY
13:09 = o + 30988 S (G fro - U
3.09 = 2.09 65(_ 2 K = 1

What is the probability that a shift in mean 10 Puew =

1]

]

13.09 will be detected on the first sampie

following the shift?
,-(:Z/mv Metd + K d 7 | o
jney = 10 1;/((2) = KoF 3.08/¢2
racsey {5 ol 0/41 r‘n,fﬁ/..ﬁ;_' J

- /)(f /DC,,',‘,,A ;,3(’.;.#" Py AR 3 {-a:?f"'f‘:;/( &irffr?//‘/;ﬁ“j

- (368 - —3{)—(2)> - Q-3
0

309 (2) )

. . . . ; ; - ¢ et CEO frof Coonts) = -
P ( Shift e be detected s firs b Seonh ) - r ( pont & ol )
.
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Question 4: (15 points)
An x control chart with 3-sigma limits has been consiructed 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 associated with rule (a)? e cwntral [ PR z(}
.’){’ " /J(Q_pc:’;/f.f_"g/-?f of out 'r’ e (p;?ffc‘/irff:;‘f 'S s U_‘ ,ﬁ 1 sena /:i;(mz it If”{‘/t!. /{’L‘[:":vjﬂii’
F( First peat piel eut ‘iif\%/ iﬁir‘iﬂffff) e P (_S'q"m-‘ldj (/-IL) i p {x=<i (’L)
Sy Suck) 4 pl x<iel) ( pd x> .
oo 2B P X iy =3 _(gzmc\z-?)/
= ROBEARIZN, (0-0027) ( 0:002%) *
i, What is o, associated With rule ()7 .

: - 0 ) ' .
] ZEogt L iy L te eSS FX Fo Cad D /) .
%/ W‘d [o(f’{'_#i;?/" Pff?iff abope Celtres i //D}u“ -,>f ced ffc*l) ‘

3]

X
y 4

E’j

Jriet

v Y ,
a’(’? = P(ﬁ ,01(.1‘”{ abﬁm—’ C'Z'-/fn*(cj?ff&i) j’d‘/:’ (/)?PIC gy P( P3 ?iﬁf‘ CJ&'.‘U'(’A

O(?. - ( a: 593 / coR

iii. 'Whatis overall o associated with both rules?

X = i~ (1-&)(i-%7) s
) ((1-6-eo22)(0.c027)) (= (¢

i

¥

“ 2
5)°)
Question 5: (20 points) _
Thirty samples each of size 9 have been collected. £ x; = 2700 and Z R; = 120. E - '}_m P 1..,
Construct the in control model for both x and R charts based on 3-sigma limits. "
Ucl =teed

—< ' FRE-=7 " ‘5. b -
MN } %94 = Msif] (7 316 )( ’2¢/’3§) 7. W
R =ct= ef30 >’ ]
Ltk = (/‘20/'30)93 (q )(O-/;’Zj) = LCL =o.13§_J

i

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

R = didp | '
o :(2&94)6}) > dP = ’4/2:9¥

i

___GOODILCK

X “‘C"ltﬁf"’ . ‘
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Quality Control

(Quiz 1)
2 1D s SRt T2

% = Quality costs are defined \
{ }_M?g_ngi&Lﬁé@ﬁ&%_a oidig.cr c ____:_r_lg,_-,g.’:“_v:szé_zé_d—s

o dhek net waeel regu
2% = Illustrate the phase diagram of the use of quality- gl\mT'ng methods:

e el A\
WCM qang]_Picai et \
e = \
"‘?’“‘C‘”‘“ /[ Degign <& D erimen”
S
. ¢

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

nonconforming is really 0.04. -
n=2< R= o0y
_ efk=mer) P {p=<o.o¥) e ., av;L. X,
} AR, A
i PlxE )= P(K=o] P(X= NP Ck=2) | X =z
((G?@ o'&j"@,g) +(5‘j(ao‘dbmwj(f )(o ezrf'e'w =2 0-364 +0- 3716+ 0186
2% = A lightbulb has a normally distributed thut with mean 5,000 end foot-candles =3: 91

s

and standard deviatién of 56’end foot-candles. Find the lower specification limit such that
only 0.5 % of the bulbs wﬂl not exceed the limit. B 1

, EE 7 1. 0.005 = o 995

= 1 = -
/ g o
X a/l - 2.2

A N ol | WU
G_- 5000 H(Ls_g \?}Q':gl‘zq ‘/ [ - [0060_‘;;@
T UL "o = (st = 83t
2% = Surface-finish defects in a small electric appliance occur at random with, 2" ream rate-of

A= 0.1 defects per unit. Find the probability that a randomly selected unit will contait

{inish defects.

oLl
P(K’;O) = e (oJl
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Quiz (1} Quality Control

2

Date: 16/10/2008 Neme:  JRREEPLRERA 1o,

Q(1) What Is the traditional definition of quality? Mention three quality-engineering techniques

used for reducing variahility.

Fu’{’hacs g—o( e e
) Desish o g"P“E""L o
-2) C o~k @AV VAt
rV ‘g) oaccep Fowwnce %mm?\:nj
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
nanconforming units are found, the sample is rejected. P=e.o2

w o= 2o
1- Caleulate the probability of rejecting the sample.
Pl =) = |- PCALL)
’ 3 = , @ y ze & -
,V (- I"({K.-:C) = i_( O)(o_cn—)cf‘tgj = 0\332«3

2- Using the poisson approximation, calculate the probabiiity of detecting at least one
nonconforming component. Is this approximation satisfactory? Why or why not?

s A ApPvA- VS sk\"\‘s.ﬂ-ac'hqwj

I}\':'v\? = ?,oCL,._o'?,) —_ e Y

? bt "‘Lf e i
‘F(K.?:l) = ‘“?(x"}'i) ‘:\-—- e s = | - o &F —;0\33
i
Q(3) let xy, Xy, X1, and x, 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).

b 15@—' Aot yikwkiow uJ\"f\r\ A= & N o~ L‘"

-t —B
ax T 2 _ _3(3 63)&

L 'g(“)): T - (G131

() Caicuiate the mean and variance for the distribution in part {a).

\. 3373

wsx.t. w!-t

= ﬁ——. - o“'f"'fc_’}—
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/ | : Quaiify Control " ' _
@ / \@ (Quiz 1) C!C 04 \ b7, A seimesds
Student Name - ) " & ‘:7 7.7"7* --"j m - ) F— ) SR#i____l_ 3
1 % = The thadern definition of quality is that ——QUQ}J-\-"j--iS—-- m\/EfSE’.lj-_uH_________.
_______ prapa Sopal Lo uariabilik U

1 % = There are two geperal aspects of fitness for use:
(1) m_c;hmu e 6l Y 0
) o .L‘Cj ______ X ei— - NSormance o

,77% = [llustrate the application of quahly—engncenng techniques for systematic reduction of
“process variability:

: % = A lightbulb has a normally distributed light -output with mean 5,000 end foot-candles
and standard deviation of 50 end foot-candles. Find the upper specification limit such thaL

only 0.5 % of the bulbs will exceed the-limit.

H 2. 5000 5 s B0 e T /L iz
. Q0% Be® P Ha.005 . S—
- W (x > Uusl) = @-\;- Plxg<usl) = )= & = 0,995,
T e e ELEEEVH Y - o 9

o ___2_,‘_58“”%%_m__-_____,_____ﬁﬁ_ﬁ____________________________________; ____________

V __________________ LEl -~ Beco A-Is . SR . -

D)
USL = 5129 |
2% =A randcun sample of 25 units is drawn from a production process every two hours.

C( 25)& ZS)J*- ,}_S)Xgmt is the probability that the estimated fraction nonconforming is at least 4-% if the
5 e SEHTE ZS raction nonconforming is really 25 %. Bmum\a-l. skt bk iom
e e MOTISERISSS o & WY 5 W W . B e R R
(2)02s(on) ' B (Byopo) = P (Azoon) =P(XzooW) = o (xz1) v
Ao (S 1____“1______{__5__!@ Vo2 (o :

7//:_%%;:}:?5-99:@—_ q_-___:____l_::n...P.LD)__.__h__Q& qCLGLlH«,-u___;___

/Z% = 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 ona

surface-finish defects.
DS pdl . el AR




‘ 4 pts) The number of sma]l busmess that fail each year is known to have s;gg_m_ggn_dmg[ih_um L
- ofGﬁ/Fmd the probability that in a given year there will be no more than 18 sma]l busmess ﬁuium . ,\63 I
using ncnnal_ g ation. Is the. q:pronmatton sahsfactory‘? Wh‘y" Why not‘7 Ll

(8 pts) The varabilities 6f the > ‘fimes of 1o bank tcllexs are of interest. Then' Sleerv;sOr - " :
{wanfs to determine whether the f service time for the first teﬂer is greater thzm ‘that for the iy
secdnd. A randopn sample of § &t § dbservations from the first teller vields a sample average of 3.4 mlﬂ'-rtes it
d & sample standard deviation of of T. 8 dem sariple ¢ of 10 observations ﬁom the second teller ﬁeids Y
-a sample average of 2.5 minutes and & sample standard deviation of 0. 9 mimites. " . .
(a) Can we conclude that the standard deviation of the service is greater for the ﬁ:rs‘ teller t‘han the. el

secondteller'? Use alevel of 51 ﬁﬁcance 0L 005 - L T
: : (:;.53 *\«L_—_\D \& =)_£‘,g- c°\

Py .

a2
(b) Test the hypéthes:s th.at tne second bank aelier PIOVIch larger mean service fime than the ﬁrst -
teﬂer Lo o Q%‘L B _a{x. -~ °

=)o
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P Q4 (10) Samples cW1 havebc&n 11 ted to e'ztabh':h control overaprocess The foilow:ng data T
! were collectad: ~ ‘gi s e T - - . . ,r /;_')5 O '"Q:._\‘L_oﬂq
! 2407 o f ey ‘ o : C o Tm e T
; 'Aj" = %\- i Z‘R —.I')O % %.,_.—-" -éoa ". :‘.
i e N g [ demAOL
1 a2 Calculate the naturafroleranc ¥ . ﬂ___%c,&z__ - - b
TR 7 =y T T T SN 1 G PR = O RIa T O
: Chbo_~ M 4 == C‘O ' A [ -
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Fram R U

- _ /V 7'— (}\g) s
jj( LQ}U,’E' 101 Gk Quﬂ..‘:? ) H"Ii \ e
; ST
] - d 2 /a/x culate the a]pha error using the X and Rcharts C’* = ?/1 "
) '!I. F /01 Pal
= /zx,u\ CALeTT == 1= P{xi;{xal)ﬂ( A SN
1__’__:. f— : - nb\ r -
A w—— st-—przéww ? J+?l?_
; ( )What is the average nin length th using an out of control s chart. 0-5¢1 /
; ---‘; i N E : f
: ----h_-_-__-:HKL- = | I Y

e e & b d ) mm— o

—

bjw were desn‘ed What would be the 3 sigma contrel limits and centemne? =

BT T N L2 - 7 AN 5\: I DHUs UL RE S
_____ @r /C}‘F-b" cli= g
Ba2~0.08 J#;M’ro : «69 b L ,

A e

}If the process mean shifis to@ What is the probabx]ruy detect the s]nﬂ by the fourth sa_pla UCL G179

___P(__LCLZX(UCLR = | ¥~ X-\ 41 4.“.:51 F= SS\ =0 bc,i '/»f.« +26
s e iR~ - |US'/;F‘F"'] : 5 4

=R _ o
. Q5(4). The number of nonconformities in carpets is determined for 20 samples but the armount of carpcts

- inspected for each sample varies. Suppose that the number of nonconformities is observed per 100 m2 The tota] "
3 number of nonconfonmnes Is calculated 192. The total number of i mspectlon units is 41. K 3sTrm 17 i ',’XC’_“'

-

¥

R - —-\:-;v\ v . R =——
a- Calculale the 3 sigma control !n‘mts and centerlme “,"'g By -4 1\ =T LR
AE = ; z T 1\ PRI
mﬁﬁ\iu~““-ftb} . (R 155 =
DA Y e — Y
w2 el 2 7T ¥ 3] FF = T2V ] co =
'.\ i — 5 . 2‘6; 1y AL L »
?'E.Lé‘ N N i —O 1736 Ll =
S ik e R 2,
2-05% - *q\ 'n'2"- ;

S:PPOSB %he wWo samples are found out of contro] with number of nonconformities of 20 and 18, respectwelv The
;ssu gnable cause of the first sample is determined and eliminated, buf the cause of the secornid sample s cons;derau io
& occurred b}’ chance,’ De_tcnmnc 1he rcwqed 3 sigma centerline and control Jimits. ' :
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' :;’Assummg that the dn-nensxons are ncm'nauyz
uldbespemfcd N E PR ’_-__,‘_.“ SR, s

_ R e L AT A some
6(6 : An assembled product conszs:s of two parts ‘Tha ﬁrst part is mscrted in thc aacond ;:>al't1 ‘Z::ﬂs are

nce, The parfs are produced’ in differenit machines and are assembled at- random Corfl'tmt artand 10
mamtamed on each dimension for the range of each sample of 5 sam ample size. 20 sarnples for thc s p .

' samples for the second part are used for range control chart leen

ZR], 718 608 '-ZR’Z, =6978 |

T 5 " e ’ v fw=l
st is des:red that Lhe probabﬂ}‘y of a smal}epc.le.arancg thzm 0. 09 s.hould be 9 005

aen lhe avcrage chmB

tstrlbutcd what 1s thc dlstance betw
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b:2 Calculate the standard destembled product
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N . ) 2. LT
G; Py o\?ﬁb O—" = KZ/,Jo \f M2 = (Lé* 378D/ i°\ / 2 SQC.-_J— -_-------—-—Q-:'-”“" “—-;rnb jes if
12 e :2 If the clearance shoulcl be Jess than 0.1; bow much will the fraction of nonconforﬂﬂﬁg ass
o 9: C~ o the estimated means difference from the parts control charts is 0.09. 3 By (Z,
o i ‘::""”G T
== ==
. - % .
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Q7(:>) A process is in control wﬂ;h x= . 199 and R=35 obiamed w1th a
&,8 Assume the quality character:stsc is normal]v d1stnbuted o /

s 0.5 Eshmate the potennal proccss capablhty

R . = A . _--__.-..-—--a—-e—.-—rr—; K
b 0.5 Estimate the actual process capablhty - P .r‘ ; :2-' QS' 3 e W
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AN 1 o W 3e{l r.;-\ A N
L P 4 at the gy
Sl a2 How much, lmprovement could bs made ini process pﬂrfonnance if the mean "W ) ) S- é,‘
e vAIIED . e . S — . i el .
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