PRACTICE EXAM 8: ASQ CQE SIMULATION
(175 QUESTIONS)

1. A quality engineer monitors a bottling line where fill volume is the criticaltoquality characteristic.
The specification is 500 + 8 ml, and the process data shows x = 503.2 ml, ¢ = 2.4 ml. Management
wants to know the expected defect rate on the high side and whether the intentional overfill strategy is
sustainable. What is the Zscore for the upper specification limit?

A.Z USL = (508 500) /2.4 = 3.33, indicating approximately 430 ppm exceeding the USL
B. Z _USL =(503.2 500) /2.4 = 1.33, indicating approximately 9.2% above the midpoint

C.Z USL = (508 503.2) / 2.4 = 2.0, indicating approximately 2.28% exceeding the USL — the overfill
strategy reduces underfill risk but creates measurable risk at the upper limit

D.Z USL = (508 503.2) / (2 x 2.4) = 1.0, indicating approximately 15.87% above the USL

2. A quality engineer is conducting a twoway ANOVA with factors Machine (M1, M2, Ms) and Material
(X, Y) on product tensile strength. The ANOVA yields: Machine p = 0.004 (significant), Material p =
0.38 (not significant), Machine x Material interaction p = 0.015 (significant). A colleague proposes
removing Material from the model since its main effect is not significant. Why is this incorrect?

A. The significant Machine x Material interaction means Material's effect depends on which Machine is
used — removing Material eliminates the ability to model this dependency; the hierarchy principle
requires retaining Material as a parent of the significant interaction

B. Material should always remain in any ANOVA model regardless of its significance level
C. The colleague is correct that nonsignificant main effects should always be removed

D. Only threeway interactions require the hierarchy principle; twoway interactions do not



3. A quality engineer is reviewing a Weibull analysis of turbine blade cracking data and obtains § = 4.2
and n = 35,000 cycles. The maintenance engineering team currently inspects blades at 25,000cycle
intervals. Using R(t) = e*((t/n)"PB), what is the approximate reliability at the current inspection interval?

A. R(25,000) = 25,000/35,000 = 0.714, indicating 28.6% fail before inspection
B. R(25,000) = 0.50 because the inspection interval is approximately 71% of the characteristic life
C. R(25,000) cannot be calculated without knowing the failure rate A independently

D. R(25,000) = e((25000/35000)"4.2) = e"((0.714)"4.2) =~ ¢/(0.246) ~ 0.782, meaning approximately
21.8% of blades may develop cracks before the scheduled inspection

4. A quality engineer discovers that a production process has been running for 8 months with SPC charts
plotted daily but no operator has ever responded to an outofcontrol signal. Investigation reveals that
three outofcontrol signals occurred during this period — all were ignored. The supervisor states that "the
product was still within specification, so no action was needed.” What fundamental misunderstanding
does the supervisor's statement reveal?

A. The supervisor correctly understands SPC because products within specification require no action

B. The supervisor confuses specification limits (product acceptance criteria) with control limits (process
behavior indicators) — control limits detect process changes that could lead to future specification
violations; by the time output reaches the specification limit, many nonconforming parts may have
already been produced

C. The supervisor should have recalculated the control limits to accommodate the outofcontrol points

D. The supervisor is correct for noncritical characteristics but wrong for critical characteristics only

5. A quality engineer is implementing a risk management system for a chemical manufacturing process.
The team identifies a risk of exothermic runaway reaction that could cause an explosion if cooling
system failure coincides with a batch at maximum temperature. Probability is rated 1 (remote) and
Severity is rated 5 (catastrophic — multiple fatalities). The 5x5 risk matrix score is 5, placing it in the



"lowmedium™ zone. The plant safety manager proposes accepting this risk based on the matrix score.
What should the quality engineer recommend?

A. Accept the risk based on the lowmedium matrix score as the safety manager suggests
B. Reclassify the probability to 3 to force the risk into a higher priority zone

C. The risk matrix inadequately represents this lowprobability catastrophic risk — the potential for
multiple fatalities demands robust treatment regardless of the numerical score; risk acceptance criteria
must never treat catastrophic severity as tolerable based solely on low probability

D. Transfer the risk through insurance and consider it resolved

6. A quality engineer is analyzing a designed experiment with 5 factors at 2 levels using a 252 fractional
factorial (8 runs, Resolution I11). The defining relations are | = ABD and | = BCE. Factor A shows a
large significant effect. In this Resolution Il design, A is aliased with BD. Before concluding that
Factor A is the driver, what must the engineer consider?

A. Resolution Il aliasing is irrelevant for screening experiments and A can be confidently identified
B. Factor A is always the correct interpretation because main effects are always larger than interactions
C. The engineer should run a separate onefactoratatime experiment to confirm Factor A's effect

D. The observed "Factor A" effect could actually be the BD interaction — a followup experiment at
higher resolution with only the significant factors is needed to separate the aliased main effect from the
twofactor interaction

7. A quality engineer is implementing a Gage R&R study for a hardness testing system. The study uses
10 parts, 3 operators, and 3 trials. Results: repeatability = 4.8% of tolerance, reproducibility = 2.1% of
tolerance, total %GRR = 5.2% of tolerance, ndc = 14. Based on AIAG guidelines, what is the
assessment?



A. The measurement system is fully acceptable — %GRR below 10% with ndc well above 5 indicates
excellent discrimination and minimal measurement variation relative to the tolerance

B. The system is conditionally acceptable because the repeatability exceeds the reproducibility
C. The ndc of 14 is excessive and indicates the measurement system is overresolving the parts

D. The system requires improvement because the total %GRR exceeds 5%

8. A quality engineer is reviewing a product reliability test report for a medical device. Fifty units were
tested for 1,000 hours with zero failures. Using the chisquare approach for zerofailure tests, the upper
confidence limit on the failure rate at 90% confidence is A _upper = y*(a, 2r+2) / (2T), where r = 0
failures, T = total test hours, and o = 0.10. With %*(0.10, 2) = 4.605 and T = 50,000 hours, what is the
demonstrated MTBF lower bound?

A. MTBF > 50,000 hours because no units failed during the test period

B. MTBF lower = 2T / y*> = 100,000 / 4.605 = 21,715 hours — the test demonstrates at least 21,715
hours MTBF at 90% confidence despite zero observed failures

C. MTBF cannot be calculated from zerofailure test data because no failures provide no failure rate
information

D. MTBF_lower = 1,000 hours because that was the test duration for each unit

9. A quality engineer is analyzing a control chart that shows an Xbar chart with all 30 points within
limits and no patterns. However, the R chart shows a gradual downward trend over the last 12 subgroups
— the ranges are getting progressively smaller. The R chart has not yet generated a formal outofcontrol
signal. What does the decreasing range trend most likely indicate, and is it a concern?

A. Decreasing ranges always indicate a measurement system malfunction that must be corrected
immediately

B. The R chart trend is irrelevant because the Xbar chart is in control



C. Decreasing range values indicate a positive trend — the process variability is likely improving due to
tooling wearin, operator skill development, or material consistency improvement

D. Decreasing ranges indicate the process variation is reducing — while often positive (process
improving), the quality engineer should investigate the cause to confirm it represents genuine
improvement rather than a measurement system issue (such as decreasing resolution or instrument
degradation)

10. A quality engineer is conducting a tolerance stackup analysis for a precision assembly. The assembly
gap is determined by: Gap = A B C, where tolerances are A = 50.00 = 0.10 mm, B = 20.00 + 0.05 mm,
C = 25.00 £ 0.04 mm. Using the statistical (RSS) method assuming normal distributions and +3c
tolerances, what is the statistical assembly tolerance?

A. Worstcase tolerance = 0.10 + 0.05 + 0.04 = 0.19 mm (arithmetic sum)
B. RSS tolerance cannot be applied to subtraction operations in tolerance stacks

C. Statistical tolerance = V(0.10% + 0.052 + 0.04%) = v(0.01 + 0.0025 + 0.0016) = V0.0141 = 0.119 mm —
significantly less than the worstcase 0.19 mm, demonstrating the statistical approach's advantage for
multicomponent assemblies

D. Statistical tolerance = (0.10 + 0.05 + 0.04) / V3 = 0.110 mm

11. A quality engineer discovers that the organization's incoming inspection program has been rejecting
approximately 15% of lots from a previously reliable supplier over the past 3 months. Before the quality
decline, the rejection rate was less than 1%. The quality engineer contacts the supplier and discovers
they changed their raw material source 4 months ago. Which investigation approach is most efficient?

A. Compare the material properties (chemical composition, mechanical properties, microstructure) of
the new material source against the original material and the required material specification to identify
the specific property difference causing the quality decline

B. Immediately disqualify the supplier and begin qualifying an alternate source

C. Increase incoming inspection to 100% and wait for the supplier to selfcorrect



D. Conduct a full quality system audit of the supplier before investigating the material change

12. A quality engineer is implementing acceptance sampling using ANSI/ASQ Z1.4 for a consumer
electronics component. The current plan uses AQL = 1.0%, inspection level 11, and normal inspection.
Ten consecutive lots have been accepted. The quality engineer wants to switch to reduced inspection.
Besides the 10 consecutive acceptances, which additional conditions must be met under Z1.4 switching
rules?

A. The customer must provide written authorization for reduced inspection

B. Production must be at a steady rate, and the switch must be approved by the responsible authority
designated by the organization

C. The supplier must demonstrate 1ISO 9001 certification from an accredited registrar

D. The total number of defectives found across all 10 lots must equal zero

13. A quality engineer is analyzing field failure data for a fleet of industrial motors and discovers that
the Weibull shape parameter B = 0.65. The maintenance department currently implements preventive
motor replacement at fixed 20,000hour intervals. Based on the B value, why is this preventive
replacement strategy counterproductive?

A. B =0.65 indicates a constant failure rate, making replacement timing irrelevant
B. The 20,000hour interval is too short and should be extended to 40,000 hours
C. B =0.65 indicates a wearout failure pattern requiring more frequent replacement

D. B < 1.0 indicates a decreasing failure rate (infant mortality) — replacing motors at fixed intervals
substitutes proven survivors with new motors that have a higher initial failure rate, potentially increasing
the overall fleet failure rate rather than reducing it



14. A quality engineer is reviewing the organization's internal audit program and discovers that auditors
consistently produce findings focused on minor documentation errors — missing dates on forms,
incomplete signature fields, and outdated revision stamps in document headers. Meanwhile, external
auditors consistently find significant process effectiveness gaps that internal auditors miss. What does
this pattern reveal about the internal audit program?

A. Internal auditors are performing more thorough audits than external auditors by finding more findings
B. The documentation focus is appropriate because 1SO 9001 is primarily a documentation standard

C. The internal audit program has become a surfacelevel compliance exercise focused on paperwork
deficiencies rather than evaluating process effectiveness, quality outcomes, and whether the QMS
achieves its intended results — a fundamental gap in audit depth and scope

D. External auditors are biased against the organization and find unnecessary findings

15. A quality engineer must determine the sample size for a twosample ttest comparing means of two
production lines. The desired detectable difference is 2.0 units, the estimated standard deviation is 3.5
units for both populations, a = 0.05 (twosided), and the desired power is 80%. Using power analysis, the
required sample size per group is approximately 49. If budget allows only 25 per group, what is the
primary consequence?

A. The test will produce biased results that favor rejecting the null hypothesis

B. The reduced sample size increases the risk of Type Il error — the test will have approximately 50%
power instead of 80%, meaning there is a 50% chance of failing to detect the 2.0unit difference even if it
truly exists

C. The significance level a will automatically increase from 0.05 to 0.10 to compensate

D. The test results will be completely invalid with fewer than 49 per group

16. A quality engineer is implementing lean manufacturing and calculates that a production cell has a
takt time of 45 seconds. The five workstations have cycle times of 38s, 42s, 47s, 35s, and 40s. Station 3



exceeds takt time by 2 seconds. The quality engineer must eliminate this 2second overload. Which lean
analysis should be performed first?

A. Redistribute work elements from Station 3 to adjacent stations by analyzing the detailed task
breakdown — identify which specific elements can be moved to Stations 2 or 4 (which have idle time of
3s and 10s respectively) to balance the line without exceeding any station's takt time allocation

B. Add a sixth workstation to absorb the excess work from Station 3
C. Increase the takt time to 47 seconds by reducing customer demand or adding overtime hours

D. Automate Station 3 entirely to eliminate the cycle time constraint

17. A quality engineer is reviewing a product design that incorporates a safetycritical welded joint. The
design FMEA assigns Severity = 10 (potential injury), Occurrence = 1 (extremely unlikely based on
current welding technology), and Detection = 1 (100% ultrasonic inspection of every joint). The RPN =
10. Under the AIAG/VDA Action Priority method, how should this failure mode be prioritized?

A. The low RPN of 10 correctly indicates this failure mode requires no action
B. The failure mode can be closed because both Occurrence and Detection are rated at 1
C. The RPN should be recalculated using a minimum Occurrence of 3 for all safetycritical failure modes

D. Despite the low RPN, a Severity of 10 mandates high priority under the Action Priority method —
catastrophic safety consequences require robust verification that prevention and detection controls are
genuinely effective, regardless of how optimistic the O and D ratings appear

18. A quality engineer receives a customer complaint stating that a product's performance degrades
significantly in highhumidity environments (>85% RH). The design verification test report shows the
product passed all performance tests — but all tests were conducted at standard laboratory conditions
(23°C, 50% RH). What design process failure does this complaint reveal?

A. The verification tests are invalid because they were conducted at standard conditions



B. The customer is misusing the product by operating it in highhumidity environments

C. The design inputs failed to include the full range of foreseeable operating environments — high
humidity is a reasonably foreseeable use condition that should have been identified during design input
definition and incorporated into the verification test plan

D. The verification test results are correct and the product meets all requirements as designed

19. A quality engineer is analyzing the results of a process capability study. The data set of 100
measurements passes the AndersonDarling normality test (p = 0.52), and the normal probability plot
shows an approximately straight line. The quality engineer calculates Cp = 1.45 and Cpk = 1.38. A
colleague suggests also calculating Pp and Ppk for comparison. Why would the quality engineer
calculate both sets of indices?

A. Cp/Cpk and Pp/Ppk always produce identical results and there is no reason to calculate both
B. Pp/Ppk are only needed when the process is out of statistical control
C. Cp and Cpk are required by ISO 9001 while Pp and Ppk are required by IATF 16949

D. Comparing Cp/Cpk (using withinsubgroup o) to Pp/Ppk (using overall o) reveals whether
betweensubgroup variation exists — if Pp/Ppk are substantially lower, the process has experienced
instability that degrades longterm performance below shortterm capability

20. A quality engineer is implementing a CAPA system and must define effectiveness verification
criteria for a corrective action addressing a recurring surface finish defect on machined parts. The
corrective action involved replacing a worn spindle bearing and implementing a preventive maintenance
schedule. Which effectiveness verification approach provides the most reliable confirmation?

A. The corrective action is effective because the bearing was replaced and PM was scheduled

B. Monitor the surface finish defect rate for a minimum defined period (e.g., 90 days) after
implementation, comparing postaction defect rates to preaction baseline data — effectiveness is
confirmed only when the defect rate shows sustained reduction with no recurrence of the original
problem



C. A single postimplementation inspection confirming that the surface finish meets specification

D. Manager signoff confirming the corrective action was implemented as planned

21. A quality engineer is reviewing a supplier's quality data package and notices that the supplier's
control chart for a critical dimension uses specification limits (£0.50 mm from nominal) as the control
limits rather than statistically calculated limits. The process has Cpk = 1.65. With such high capability,
what specific quality risk does using specification limits on the chart create?

A. No risk exists because the high Cpk ensures all output is within specification regardless of chart type
B. Specification limits are always acceptable alternatives to control limits for processes with Cpk > 1.33
C. The specification limits should be divided by the Cpk to produce the correct control limits

D. The specificationbased limits are far wider than the statistical limits for this capable process, creating
massive dead zones where the process mean can shift by several sigma without any chart signal — the
process could deteriorate significantly before reaching the specification limits, with potentially hundreds
of nonconforming parts produced before detection

22. A quality engineer is conducting a chisquare test of independence on a 4x3 contingency table
comparing defect types across four production shifts. The calculated y* = 22.4 with 6 degrees of
freedom. The critical value at o= 0.01 is 16.81. What is the conclusion, and what followup is needed?

A. The result is not significant because the chisquare value should exceed 30 for a table this size

B. There is no association between shift and defect type because the test uses too few degrees of
freedom

C. There is a highly significant association between shift and defect type (y> = 22.4 > 16.81, p < 0.01),
but the omnibus test does not identify which specific shiftdefect combinations are driving the association
— standardized residual analysis or pairwise comparisons are needed to identify the specific cells
contributing most to the chisquare statistic

D. The result proves that all four shifts have different defect distributions from each other



23. A quality engineer is evaluating two measurement instruments for a precision grinding application.
The specification tolerance is 0.020 mm. Instrument A (contact profilometer): %GRR = 7.5% of
tolerance, cost = $12,000. Instrument B (laser interferometer): %GRR = 3.2% of tolerance, cost =
$85,000. The characteristic is safetycritical. Which instrument selection analysis is most appropriate?

A. Select Instrument A because both instruments are below the 10% acceptance threshold and A is less
expensive

B. The cost difference is the only relevant factor and the cheaper instrument should always be selected
C. Select Instrument B regardless of cost because it has the lowest available %GRR

D. For a safetycritical characteristic with a tight 0.020 mm tolerance, Instrument B's 3.2% GRR provides
significantly more reliable accept/reject decisions than Instrument A's 7.5% — the improved decision
accuracy for a safety characteristic justifies the additional investment by reducing misclassification risk
near specification limits

24. A quality engineer is implementing a kanban system and must determine the number of kanban
cards for a component with daily demand of 800 units, replenishment lead time of 0.25 days (2 hours),
safety stock factor of 15%, and container size of 40 units. Using K = D x L x (1+S) / C, how many
kanban cards are needed?

A. K =800 x 0.25 x 1.15 / 40 = 230/40 = 5.75, round up to 6 kanban cards

B. K=800 x 0.25 x 1.15/ 40 = 5.75, rounded up to 6 cards — each card authorizes one container of 40
units, with the safety factor providing buffer against demand and lead time variation

C. K =800/ 40 = 20 kanban cards based solely on daily demand divided by container size
D. K=800 x 2 x 1.15/ 40 = 46 kanban cards using lead time in hours rather than days

25. A quality engineer discovers that a production process has a Cp = 2.0 but Cpk = 0.8. This large gap
between the two indices indicates which specific condition?



A. The measurement system is contributing excessive variation to the capability calculation
B. The process standard deviation is too large relative to the specification tolerance
C. The specification limits are asymmetric, causing the indices to differ by definition

D. The process has excellent inherent variation capability (6c spread is only half the tolerance) but is
severely offcenter — the process mean has shifted so far from the specification midpoint that despite the
narrow process spread, it is operating close to one specification limit

26. A quality engineer is implementing document control and must address a situation where a critical
welding procedure references two external standards: AWS D1.1 (Structural Welding Code — Steel)
and ASME Section IX (Welding Qualifications). Both external standards have been recently revised.
The quality engineer discovers that the internal welding procedure has not been updated to reflect these
revisions. What is the document control obligation?

A. External standards do not fall under the organization's document control and can be ignored
B. The internal procedure automatically adopts the latest revisions of referenced external standards

C. The organization must evaluate the impact of the external standard revisions on the internal welding
procedure, determine whether internal procedure changes are needed, update the procedure if necessary,
and retrain affected personnel — referenced standards must be monitored and managed as part of the
document control system

D. External standard revisions only matter when the customer specifically requests updated procedures

27. A quality engineer is reviewing the results of a Gage R&R study for a visual inspection process
where inspectors classify surface defects as "acceptable” or "unacceptable.” The standard ANOVAbased
Gage R&R is designed for continuous measurement data. Which measurement system evaluation
method is appropriate for this binary classification task?

A. The standard ANOVA Gage R&R can be applied to binary data by coding accept = 1 and reject =0



B. An attributes agreement analysis that evaluates inspector consistency by having multiple inspectors
classify the same parts multiple times, comparing their decisions against each other and against a
reference standard

C. A process capability study using the proportion classified as acceptable replaces Gage R&R for visual
inspection

D. Visual inspection systems cannot be evaluated and should always be replaced with automated
systems

28. A quality engineer is analyzing a process that fills pharmaceutical capsules. The target weight is 250
mg with specification limits of 240260 mg. The process mean is 252 mg and ¢ = 2.8 mg. The process is
deliberately running 2 mg above the nominal to provide additional protection against underfilling, which
is a regulatory violation. Calculate Cpk and identify which specification limit constrains it.

A. Cpk = min((260252)/(3x2.8), (252240)/(3x2.8)) = min(0.95, 1.43) = 0.95, limited by the upper
specification due to the intentional overfill placing the mean closer to the USL

B. Cpk = 1.19 because the offset should be ignored when calculating capability
C. Cpk = 1.43 because only the lower specification matters for pharmaceutical fill weight

D. Cpk cannot be calculated for processes with deliberately offset targets

29. A quality engineer is conducting a root cause analysis for a recurring bearing failure using the fault
tree analysis (FTA) method. The top event is "bearing seizure." The fault tree identifies two intermediate
events connected by an OR gate: "inadequate lubrication” OR "excessive loading." The "inadequate
lubrication” event further branches into an AND gate requiring both "lubricant degradation” AND
"monitoring system failure.” If P(lubricant degradation) = 0.02, P(monitoring failure) = 0.005, and
P(excessive loading) = 0.01, what is the probability of the top event?

A. P(top) = 0.02 + 0.005 + 0.01 = 0.035, summing all basic event probabilities
B. P(top) = 0.02 x 0.005 x 0.01 = 0.000001, multiplying all basic event probabilities
C. P(top) = (0.02 + 0.005) + 0.01 = 0.035, treating all gates as OR gates



D. P(inadequate lubrication) = P(degradation) x P(monitoring failure) = 0.02 x 0.005 = 0.0001 (AND
gate). P(top) = P(inadequate lubrication) + P(excessive loading) = 0.0001 + 0.01 = 0.0101 (OR gate,
approximate for small probabilities)

30. A quality engineer is implementing SPC on a process and must select rational subgroups. The
process uses a fourcavity injection mold, and the quality engineer must decide whether to form
subgroups from a single cavity (consecutive shots from one cavity) or from all four cavities
simultaneously (one part from each cavity per shot). The objective is to detect cavitytocavity variation.
Which subgrouping strategy is correct?

A. Use consecutive shots from a single cavity, rotating among cavities weekly

B. Form subgroups by taking one part from each of the four cavities per shot — this rational
subgrouping captures cavitytocavity variation within the subgroup, making it visible on the R chart and
enabling detection of individual cavity problems

C. Form subgroups from randomly selected parts regardless of cavity origin

D. Use a single part per shot on an IMR chart since multicavity molds produce identical output

31. A quality engineer is reviewing the organization's Cost of Quality report and finds: Prevention =
$95K (7%), Appraisal = $310K (23%), Internal Failure = $580K (43%), External Failure = $365K
(27%). Total COQ = $1.35M on $16M revenue (8.4%). Which strategic reallocation would most likely
reduce total COQ?

A. Reduce appraisal by $100K since it is the secondhighest category, freeing budget for production
B. Maintain current allocation because the 8.4% COQtorevenue ratio is industry standard

C. Significantly increase prevention investment in quality planning, errorproofing, DOE, and training —
with 70% of COQ in failure categories and only 7% in prevention, the organization is overwhelmingly
reactive; each prevention dollar typically eliminates 35 dollars of failure cost

D. Increase external failure spending to improve warranty response time and customer satisfaction



32. A quality engineer is conducting a process capability study and obtains 100 measurements that show
a clearly bimodal distribution — two distinct peaks at 24.8 mm and 25.3 mm. The specification is 25.0 £
0.5 mm. The combined data yields Cpk = 1.10. Why is this single Cpk value misleading?

A. The single Cpk accurately represents the overall process output regardless of distribution shape
B. Bimodal distributions always produce Cpk values that are too low and should be adjusted upward
C. The specification limits should be widened to accommodate both peaks of the bimodal distribution

D. The bimodal distribution indicates two distinct process populations — each should be identified
(different machines, cavities, operators, or material lots) and analyzed separately; the combined Cpk
obscures the fact that one population may be highly capable while the other is incapable

33. A quality engineer is implementing a risk management system and must decide how to handle a risk
that has been identified and analyzed but where no treatment action can reduce the risk below the
organization's tolerance threshold. The residual risk after all feasible treatments remains in the
"tolerable™ zone. What is the appropriate course of action?

A. Remove the risk from the register since no further reduction is possible
B. Reclassify the residual risk as "acceptable” to close the risk management cycle
C. Ignore the residual risk because all feasible treatments have been exhausted

D. Document the residual risk with formal management acceptance, implement monitoring indicators to
detect any change in risk level, establish contingency plans for if the risk materializes, and schedule
periodic reviews to reassess as new treatment options may become available

34. A quality engineer is reviewing a control chart for an electroplating process. The Xbar chart shows a
pattern where points 110 cluster near the center line, points 1120 show a sustained shift upward (all
above center line), points 2125 show a sharp drop returning to the original level, and points 2630 resume
near the center line. The R chart is stable throughout. What interpretation is most consistent with this
pattern?



A. The pattern represents normal random variation and no investigation is needed

B. The sustained shift (points 1120) followed by an abrupt return (points 2125) strongly suggests an
assignable cause that was present during points 1120 and then was corrected or selfcorrected —
common causes include a chemical bath concentration change that was later replenished, a temperature
controller drift that was recalibrated, or a material lot change that reverted when a new lot was
introduced

C. The control limits need to be recalculated using only points 2630 as the new baseline

D. The R chart stability proves the Xbar pattern is not real and requires no investigation

35. A quality engineer must determine whether a new testing method produces results equivalent to the
established reference method. Twenty specimens are tested by both methods, producing paired
measurements. The mean difference is 0.15 units with a 95% confidence interval of (0.08, 0.38). The
specification tolerance is 10.0 units. What should the quality engineer conclude?

A. The methods produce significantly different results because the mean difference (0.15) is not exactly
zero

B. The test is invalid because the confidence interval is asymmetric around zero
C. The methods cannot be compared without at least 100 paired measurements

D. The confidence interval for the mean difference includes zero, indicating no statistically significant
systematic bias between the methods; the maximum likely bias (0.38) is less than 4% of the
specification tolerance, confirming practical equivalence

36. A quality engineer is implementing a visual management system and must design an effective andon
response protocol. The current system has green/yellow/red lights at each workstation, but there is no
defined response procedure — when an operator activates a yellow light, no one consistently responds.
What structural change is needed to make the andon system effective?

A. Replace the light system with an automated production stop that halts the line for any signal

B. Eliminate the yellow signal and use only green and red to simplify the system



C. Define specific response roles, escalation timelines, and expected actions for each signal level — for
example, yellow requires team leader response within 2 minutes, red requires production stop and
supervisor/maintenance response within 5 minutes; without defined accountability and response
standards, andon signals become ignored alerts

D. Add audio alarms to supplement the visual signals for better attentiongetting

37. A quality engineer is analyzing a regression model predicting product hardness (Y) from quench
temperature (Xi) and quench time (X:). The model is § = 45.0 + 0.12X: 2.5X> + 0.008X:X>. The
interaction term XiXz is significant (p = 0.003). When the quality engineer sets Xi = 800°C and X> = 10
seconds, what is the predicted hardness?

A.§=45.0+0.12(800) 2.5(10) + 0.008(800)(10) = 45.0 + 96.0 25.0 + 64.0 = 180.0
B.9y=45.0+0.12(800) 2.5(10) =45.0 +96.0 25.0 =116.0 (ignoring the interaction)
C. The prediction cannot be made because models with interaction terms are unreliable

D.§y=45.0+96.0 25.0 + 64.0 = 180.0 HRC — but the quality engineer should verify this prediction
falls within the experimental data range to avoid extrapolation; the significant interaction means the
combined effect of temperature and time differs from the sum of their individual effects

38. A quality engineer is conducting a supplier audit and discovers that the supplier's calibration
program has a 92% ontime calibration rate — 8% of instruments are overdue for calibration at any given
time. The supplier considers this acceptable. The quality engineer disagrees for instruments used on
safetycritical measurements. Why?

A. A 92% ontime rate is excellent and exceeds industry benchmarks for calibration compliance
B. Calibration scheduling is an administrative convenience that has no effect on measurement accuracy
C. Overdue calibrations on noncritical instruments are acceptable but irrelevant to this finding

D. Any overdue calibration means the instrument's accuracy is unverified — products measured with
overdue instruments may have been incorrectly accepted or rejected; for safetycritical measurements,



100% ontime calibration compliance is the target, and any overdue instrument must trigger an impact
assessment

39. A quality engineer is implementing errorproofing on a pharmaceutical packaging line where the
highestrisk failure mode is placing the wrong dosage strength tablet into a labeled bottle. Currently,
operators visually verify the tablet appearance against a reference photo. The error rate is 150 ppm.
Which pokayoke provides the most reliable prevention?

A. Adding a second operator to doublecheck each bottle before capping
B. Colorcoding the tablets by dosage strength for easier visual identification

C. An automated vision system combined with a weight verification system that reads the bottle label
barcode, verifies the tablet appearance and color match the labeled dosage, confirms the net weight
matches the expected weight for that dosage, and diverts any mismatch to a reject conveyor before the
bottle is capped

D. Improving the reference photos to higher resolution for more accurate visual comparison

40. A quality engineer is reviewing a process validation report for a critical heat treatment operation.
The validation tested the process at three temperatures: 850°C (low), 900°C (nominal), and 950°C
(high). All three conditions produced conforming product. The quality engineer approves the validation.
Six months later, the furnace controller fails and the actual temperature drops to 830°C for two hours
before being detected. The quality engineer must determine whether the affected product is conforming.
What does the validation tell us about product processed at 830°C?

A. The validation at 850°C guarantees conformance at 830°C because 830°C is close to the tested
minimum

B. The affected product is automatically conforming because the furnace was previously validated

C. The product processed at 830°C cannot be assured as conforming — the validation demonstrated
acceptable results at 850°C (the validated minimum) but provides no evidence for 830°C; the 20°C

shortfall falls outside the validated range, and the product must be evaluated through testing or
engineering analysis before disposition



D. The validation report should be amended to include 830°C retroactively as a tested condition

41. A quality engineer is analyzing an Xbar and R chart with subgroups of size 5. The chart has been
stable for 40 subgroups with X = 30.0 mm, R = 0.85 mm, and A, = 0.577. The UCL for the Xbar chart is
30.0 + 0.577(0.85) = 30.49 mm. A new subgroup has x = 30.52 mm. The operator asks whether this
point could be a false alarm. What is the probability of a false alarm on a standard 3sigma control chart?

A. Approximately 50% because the point is close to the control limit

B. The false alarm rate for 3sigma limits is 0.27% per subgroup (approximately 1 in 370 subgroups) —
while possible, the engineer should investigate before dismissing the point as a false alarm, because the
cost of investigating a false alarm is typically much less than the cost of missing a real process shift

C. Zero probability because the point exceeded the limit by definition

D. Approximately 5% based on the standard significance level of a = 0.05

42. A quality engineer is implementing a lean value stream mapping exercise and calculates process
cycle efficiency (PCE). The current state shows total lead time = 15 days and valueadded processing
time = 55 minutes. What is the PCE, and what does it reveal?

A. PCE =55/15 = 3.67 minutes per day, which is the daily valueadded rate
B. PCE = 15/(55/60) = 16.4, meaning the lead time is 16 times the processing time

C. PCE = 55 minutes / (15 days x 24 hours x 60 minutes) = 55/21,600 = 0.25% — meaning over 99.7%
of lead time is nonvalueadded, representing an enormous opportunity for waste elimination

D. PCE = 55/(15 x 8 x 60) = 55/7,200 = 0.76% — over 99% of lead time is nonvalueadded, revealing
massive improvement opportunity in the process



43. A quality engineer is reviewing a product design for a consumer appliance and discovers that the
design FMEA was completed by the design team alone — no manufacturing, quality, service,
procurement, or customer representatives participated. Why is this singlefunction FMEA inadequate?

A. Singlefunction FMEAs are the standard practice recommended by the AIAG FMEA manual

B. The design team is the most qualified group to identify all failure modes since they designed the
product

C. A singlefunction FMEA lacks the diverse perspectives needed to identify all potential failure modes
— manufacturing identifies processrelated failures, quality identifies detection gaps, service identifies
field failure patterns, procurement identifies material risks, and customer input validates usecase
assumptions; no single function possesses the complete knowledge needed for comprehensive risk
assessment

D. The FMEA is valid as long as it was signed by the design team leader

44. A quality engineer is implementing SPC on a process that produces specialty chemicals in batches.
Each batch yields a single purity measurement. Batches are produced every 6 hours. The quality
engineer has plotted 50 individual values on an IMR chart. The chart shows statistical control. However,
the quality engineer notices that the data is significantly rightskewed (AndersonDarling p = 0.003).
What is the primary concern with applying standard IMR limits to this nonnormal data?

A. Nonnormality has no effect on IMR chart performance under any circumstances

B. The standard 3sigma limits assume a symmetric normal distribution — for rightskewed data, the
symmetric limits will place the UCL too close to the data center (causing false alarms on high values)
and the LCL too far from the center (missing lowside shifts); distributionspecific limits or data
transformation should be considered

C. The IMR chart should be replaced with an Xbar and R chart to leverage the central limit theorem

D. The skewness indicates the process is out of control and the IMR chart is invalid



45. A quality engineer is reviewing a supplier's corrective action for a recurring soldering defect. The
supplier's 8D report lists "operator error — insufficient solder paste application” as the root cause and
"retrain operator" as the corrective action. Over the past year, this same defect has recurred 4 times, each
time followed by retraining. What does this pattern definitively demonstrate?

A. The operators need more intensive training with formal competency certification

B. Retraining has not addressed the root cause — the four recurrences prove that individual operator
error is a symptom, not the root cause; the quality engineer should require the supplier to investigate
systemic factors such as stencil condition, paste deposition system maintenance, process parameters, and
errorproofing opportunities

C. The retraining intervals are too long and should be reduced to quarterly sessions

D. The supplier should replace the operators who keep making the same error

46. A quality engineer is analyzing warranty data and discovers that a product's failure rate follows an
exponential distribution with MTTF = 50,000 hours. The product carries a 5,000hour warranty. Using
R(t) = eNt/MTTF), what percentage of products are expected to fail during the warranty period?

A. 10.0%, calculated as 5,000/50,000 x 100% (linear approximation)

B. 50%, because half of products fail before the MTTF by definition for exponential distributions
C. 0%, because the warranty period is a negligible fraction of the MTTF

D. Approximately 9.5%, calculated as 1 e~(5000/50000) =1 e”~(0.10) =1 0.905 = 0.095

47. A quality engineer is implementing total productive maintenance (TPM) and the team calculates
OEE for a CNC machining center: planned time = 480 min, unplanned downtime = 45 min, planned
breaks = 30 min, ideal cycle time = 1.5 min/part, actual output = 240 parts, rejected parts = 8. Calculate
OEE.



A. OEE = Auvailability x Performance x Quality = (405/450) x (240x1.5/405) x (232/240) = 0.900 x
0.889 x 0.967 = 0.773 or 77.3%

B. OEE = 240/480 = 50% based on actual output divided by total scheduled time
C. OEE = 232/240 = 96.7% based solely on the quality rate
D. OEE = 405/450 = 90.0% based solely on the availability calculation

48. A quality engineer is conducting a measurement system analysis and the ANOVAbased Gage R&R
study reveals a significant operator x part interaction (p = 0.002). The overall %GRR is 9.2% of
tolerance and ndc = 8. Despite the acceptable overall metrics, why should the quality engineer
investigate the interaction?

A. The interaction has no practical significance when the overall %GRR is acceptable
B. The operator x part interaction is expected in all measurement systems and requires no investigation

C. The significant interaction means certain operators measure certain parts differently — possibly due
to differences in fixturing technique, measurement approach, or visual interpretation for specific part
features; this inconsistency should be investigated and the measurement procedure standardized to
eliminate operatordependent variation for those particular part characteristics

D. The ndc of 8 compensates for any interaction effects and no investigation is needed

49. A quality engineer is analyzing the OC curve for an acceptance sampling plan with n = 80, ¢ = 2. At
an incoming quality level of 1.0%, the probability of lot acceptance is approximately 0.95. At 5.0%
incoming quality, the probability drops to approximately 0.10. The quality engineer must explain these
points to management. What do they represent?

A. The 1.0% point represents the specification limit and the 5.0% point represents the process capability

B. Both points are arbitrary and have no specific statistical meaning within the acceptance sampling
framework

C. The 1.0% point is the LTPD and the 5.0% point is the AQL for this sampling plan



D. The 1.0% point approximates the AQL (quality level with ~95% acceptance probability, representing
the producer's risk point), and the 5.0% point approximates the LTPD (quality level with ~10%
acceptance probability, representing the consumer's risk point)

50. A quality engineer is implementing a corrective action system and must decide how to prioritize 25
open corrective actions when resources allow only 8 to be actively worked simultaneously. Which
prioritization criteria best balance quality risk and resource efficiency?

A. Prioritize the 8 oldest corrective actions to reduce the average age of open items

B. Prioritize by risk — considering the severity of the nonconformity, the likelihood of recurrence, the
number of customers or products affected, and any safety or regulatory implications; safetycritical and
customeraffecting CAs receive top priority regardless of their age or origin

C. Prioritize the 8 easiest corrective actions to close to demonstrate progress and reduce the open count

D. Prioritize alphabetically by the department that initiated the corrective action request

51. A quality engineer is analyzing a designed experiment and obtains significant effects for Factors A,
C, and the AC interaction. Factor B and all interactions involving B are not significant (all p > 0.30).
The quality engineer must determine the optimal settings. For Factor B, which level should be selected?

A. Factor B should be set to its high level as a precautionary measure regardless of nonsignificance

B. Since Factor B does not significantly affect the response and has no significant interactions, it can be
set to the level that optimizes nonquality objectives — lowest cost, fastest throughput, easiest to control,
or most environmentally friendly

C. Factor B should be removed from the process entirely since it is not significant

D. Factor B should be set to its midpoint between the two tested levels



52. A quality engineer is reviewing the organization's approach to riskbased thinking under 1SO
9001:2015. The organization has implemented FMEA for product design and manufacturing process
risks but has not addressed organizationallevel risks such as key personnel dependencies, IT system
vulnerabilities, regulatory changes, or market shifts. The external auditor flags this as a gap. Why is the
auditor correct?

A. FMEA for product and process is sufficient for ISO 9001:2015 riskbased thinking compliance
B. Organizationallevel risks are outside the scope of ISO 9001:2015 requirements

C. 1SO 9001:2015 Clause 6.1 requires the organization to determine risks and opportunities that could
affect the QMS's ability to achieve its intended results — this encompasses not just product/process risks
but organizational, strategic, and systemic risks that could undermine the entire quality management
system's effectiveness

D. Only I1SO 31000certified organizations need to address organizationallevel risks

53. A quality engineer is reviewing a reliability block diagram for an industrial control system. The
system consists of a sensor (R = 0.995), a processor (R = 0.998), and an actuator (R = 0.990) in series.
The quality engineer proposes adding a redundant sensor in parallel with the existing one. What is the
system reliability before and after the modification?

A. Before: 0.995 x 0.998 x 0.990 = 0.983; After: sensor subsystem = 1(0.005)? = 0.999975; system =
0.999975 x 0.998 x 0.990 = 0.988 — a meaningful improvement from 0.983 to 0.988

B. Before: 0.995 + 0.998 + 0.990 = 2.983; impossible value indicating series calculation error
C. Before: 0.983; After: identical because redundancy does not improve series system reliability

D. Before: 0.983; After: 0.999975 x 0.998 x 0.990 = 0.988 — the redundant sensor improves the sensor
subsystem from 0.995 to 0.999975, which flows through to improve the overall series system

54. A quality engineer is implementing lean manufacturing and conducts a SMED analysis on a
stamping press changeover. The current changeover takes 75 minutes. After separating activities:
internal setup = 50 minutes (die removal/installation, alignment), external setup = 25 minutes (tool



retrieval, die preparation, paperwork). After moving all external activities outside the machinestopped
window, what is the reduced changeover time?

A. 75 minutes because no activities were eliminated, only reclassified

B. 50 minutes because only the internal activities (performed while the machine is stopped) determine
the changeover duration — the 25 minutes of external activities now occur during the previous job's
production, before the machine is stopped

C. 25 minutes because the external activities become the new changeover time

D. 37.5 minutes representing the average of internal and external setup times

55. A quality engineer is conducting a hypothesis test to determine whether a new heat treatment process
produces higher hardness than the current process. The current process has a known population mean of
u = 58.0 HRC with ¢ = 2.5 HRC (known from extensive historical data). A sample of 25 parts from the
new process yields X = 59.2 HRC. Using a onesided Ztest at o = 0.05, is there significant evidence that
the new process produces higher hardness?

A.Z=(59.2 58.0)/(2.5N25) = 1.2/0.50 = 2.40; since Z = 2.40 > 1.645 (onesided critical value), reject
Ho — there is significant evidence that the new process produces higher hardness

B. The test is invalid because a ttest should be used instead of a Ztest
C. Z = 2.40; fail to reject because Z must exceed 2.576 for a onesided test

D. Z =(59.2 58.0)/2.5 = 0.48; fail to reject because Z < 1.645

56. A quality engineer is analyzing a process and discovers that consecutive measurements exhibit
significant positive autocorrelation (lagl autocorrelation ri = 0.82). Standard Xbar and R charts have
been used for monitoring. The quality engineer notices that the charts produce frequent false alarms —
far more than the expected 0.27% per subgroup. What is the relationship between autocorrelation and
the excessive false alarm rate?



A. Autocorrelation has no effect on control chart false alarm rates

B. Positive autocorrelation causes consecutive points to follow similar trajectories, which the chart
misinterprets as runs, trends, and other nonrandom patterns

C. The autocorrelation reduces the effective independence of consecutive observations — standard
control charts assume independent data; when observations are positively correlated, runs and trends that
would be rare under independence become common, triggering patternbased rules far more frequently
than expected

D. The excessive false alarms are caused by the measurement system, not by autocorrelation

57. A quality engineer is reviewing a designed experiment that tested 4 factors at 2 levels using a 24!
fractional factorial (8 runs, Resolution 1V, | = ABCD). The analysis shows the "BC" effect is large and
significant. However, in this design, BC is aliased with AD. How should the quality engineer determine
which interaction is the true driver?

A. BC is always the correct interpretation because it appears first in the alias structure
B. Both BC and AD should be included in the model simultaneously since they are both significant

C. Use process knowledge to determine which interaction is more plausible physically — if the quality
engineer has strong engineering reasons to believe one interaction is more likely than the other, that
interpretation may be accepted; otherwise, a foldover experiment adding the complementary 8 runs
creates the full 2* factorial and cleanly separates BC from AD

D. The aliased effects cancel each other out and neither should be included in the model

58. A quality engineer is implementing a quality cost tracking system and must classify the cost of
redesigning a product component after field failures revealed a design weakness. The redesign involves
engineering analysis, prototype fabrication, verification testing, and drawing revision. Under which
COQ category should this redesign cost be classified?

A. Prevention costs because the redesign prevents future field failures from this failure mode



B. External failure costs because the redesign was triggered by field failures — the product was
delivered, failed in the customer’s application, and the resulting engineering effort to correct the design
weakness is a direct consequence of the external quality failure

C. Appraisal costs because the redesign includes verification testing of the new design

D. Not a quality cost because product design is a standard engineering function

59. A quality engineer is reviewing an organization's approach to management review and discovers that
the review inputs include audit results, customer feedback, process performance, corrective action status,
and followup from previous reviews. However, the review outputs consist only of general statements
like "continue monitoring quality metrics” and "maintain current improvement efforts.” No specific
decisions, action assignments, or resource allocations are documented. What 1SO 9001:2015
requirement is not being met?

A. The management review inputs are incomplete and additional data should be presented
B. The frequency of management review should be increased from annual to quarterly

C. Clause 9.3.3 requires management review outputs to include specific decisions and actions related to
improvement opportunities, any need for changes to the QMS, and resource needs — vague continuation
statements fail to produce the actionable outputs that drive genuine quality improvement

D. The review outputs are adequate as long as the review was attended by top management

60. A quality engineer is analyzing a scatter diagram of two process variables and calculates Pearson r =
0.15 and Spearman p = 0.72. The large discrepancy between these values suggests which condition?

A. The Pearson coefficient is always the more reliable measure and should be used
B. Both coefficients are unreliable and neither should be used for any conclusion

C. The discrepancy indicates measurement error in one of the two variables



D. A strong monotonic but nonlinear relationship exists — Spearman captures any consistent directional
trend regardless of linearity, while Pearson measures only linear association; the large gap indicates the
variables move together reliably but not in a straightline pattern, and nonlinear modeling is needed

61. A quality engineer is implementing a calibration program and must establish the initial calibration
interval for a new digital torque wrench. The manufacturer recommends 12 months. The quality
engineer plans to use the manufacturer's recommendation as the starting point. After the first three
calibrations, the instrument is found within tolerance each time. Should the interval be extended?

A. Yes, three consecutive withintolerance calibrations is sufficient evidence to extend the interval
B. The interval should never be changed from the manufacturer's recommendation

C. The three data points provide preliminary evidence of stability but more calibration history (typically
57 data points) should be accumulated before confidently extending the interval; the engineer should
continue at 12 months and reassess after additional calibration cycles confirm the stability trend

D. The interval should be shortened because three data points are insufficient to assess instrument
stability

62. A quality engineer is reviewing a supplier's SPC data and notices that the supplier's Xbar chart
shows a peculiar pattern — all 25 subgroup means fall within a very narrow band near the center line,
with none approaching the control limits. This stratification pattern suggests which condition?

A. The process is exhibiting exceptional stability and tight control

B. The withinsubgroup variation is likely inflated by mixing data from multiple process streams — for
example, each subgroup includes parts from different machines or cavities with different means,
producing artificially wide control limits that compress all subgroup averages toward the grand mean

C. The control limits were calculated incorrectly and are too wide

D. The measurement system has poor resolution and is rounding all values to the same number



63. A quality engineer is conducting a process capability study and calculates Cp = 1.33 and Cpk = 1.33.
Since Cp equals Cpk, the process is perfectly centered. The quality engineer now wants to determine the
expected proportion of nonconforming output. For a centered process with Cpk = 1.33, the specification
limits are at =4 from the mean. What is the approximate expected nonconforming rate?

A. Approximately 63 ppm (parts per million) total from both specification tails combined
B. Zero ppm because Cpk = 1.33 is considered the minimum acceptable capability level
C. Approximately 2,700 ppm total, corresponding to £3c coverage

D. Approximately 6,210 ppm based on the Six Sigma 1.5¢ shift assumption

64. A quality engineer is reviewing a product design for a medical device and encounters the concept of
usability engineering (IEC 62366). The design team has conducted extensive technical performance
testing but has not performed formative or summative usability evaluation with representative end users.
Why is this gap significant for a medical device?

A. Usability testing is optional for medical devices and adds unnecessary development time
B. Technical performance testing adequately covers all aspects of device safety and effectiveness
C. Usability evaluation is only required for devices used by patients, not by healthcare professionals

D. A device that performs technically but is confusing, errorprone, or difficult to use may cause harm
through use errors — usability evaluation with representative users identifies design features that could
lead to misuse, incorrect operation, or delayed response in clinical situations that technical testing alone
cannot reveal

65. A quality engineer is analyzing a designed experiment and the team debates whether to replicate the
23 factorial design. The team can afford either one replicate of the full factorial (8 runs) or the full
factorial with one additional replicate (16 runs). What is the primary statistical benefit of the replicated
design?



A. Replication eliminates the need for randomization of the experimental run order
B. Replication doubles all effect estimates, making them twice as large and easier to interpret

C. Replication provides an independent estimate of pure error — the withintreatment variation enables
formal Ftests for significance of all effects, which the unreplicated design cannot provide through
standard ANOVA,; the unreplicated design must rely on the normal probability plot for significance
assessment

D. The unreplicated design provides more information because all 8 degrees of freedom estimate effects

66. A quality engineer is implementing a riskbased internal audit program and must determine audit
frequency for a newly implemented automated soldering process. The process replaced a wellestablished
manual soldering operation. The automated system has been validated but has only 3 months of
production history. The quality engineer assigns quarterly audit frequency for the first year. Why is
more frequent auditing appropriate for this new process?

A. All processes should receive the same audit frequency regardless of their maturity level

B. New processes with limited production history carry higher uncertainty risk than established
processes — the automated system may have failure modes, control gaps, or maintenance needs not yet
discovered; more frequent auditing during the early period provides additional monitoring while the
process builds a track record

C. Quarterly auditing is excessive and wastes audit resources on a validated process

D. Only processes with quality problems should receive increased audit frequency

67. A quality engineer discovers that the organization's FMEA process uses a single generic rating scale
for all product types — consumer electronics, medical devices, and industrial equipment. The same
Severity = 5 rating applies identically to a cosmetic defect on a remote control and a functional failure
on a patient monitor. Why is this generic approach problematic?

A. Generic rating scales are the industry standard recommended by all FMEA methodologies

B. Severity ratings are inherently subjective and cannot be improved by customization



C. Productspecific rating scales should not be used because they prevent comparison across product
lines

D. The identical severity rating for vastly different consequence levels distorts the risk prioritization — a
functional failure on a patient monitor has fundamentally different consequences than a cosmetic defect
on a remote control; productspecific rating scales with contextappropriate definitions ensure FMEA
accurately reflects the true risk profile of each product type

68. A quality engineer is analyzing field failure data for an automotive component and discovers that the
B10 life (the time at which 10% of units have failed) is 45,000 miles. The product warranty covers
36,000 miles. What percentage of the warrantyperiod failures does the B10 life help the quality engineer
estimate?

A. The B10 life of 45,000 miles tells us that approximately 10% of units fail by 45,000 miles — since
the warranty covers only 36,000 miles, somewhat fewer than 10% of units are expected to fail during the
warranty period; the exact percentage depends on the Weibull shape parameter and requires calculation
using the fitted distribution

B. Exactly 10% of units will fail during the 36,000mile warranty period
C. The B10 life is irrelevant to warranty period predictions

D. Approximately 20% of units will fail during the warranty period because the warranty covers 80% of
the B10 life

69. A quality engineer is implementing a corrective action for a packaging defect where labels are
occasionally applied with incorrect orientation (upside down). The 5 Whys analysis reveals: Why upside
down? — Label loaded backward in the applicator. Why loaded backward? — Label roll is symmetric
— both orientations look identical to the operator. Why symmetric? — Label design has no asymmetric
feature indicating correct feed direction. Why no asymmetric feature? — The label design specification
did not include orientation markings. What is the most effective corrective action?

A. Retrain operators to verify label orientation before loading each new roll

B. Add an inspection station after the labeling operation to detect inverted labels



C. Redesign the label to include an asymmetric feature (such as a notch, color bar, or directional arrow)
that makes correct and incorrect orientations visually distinct, enabling easy verification during loading
— this addresses the root cause by eliminating the ambiguity that causes the error

D. Require a supervisor to oversee every label roll change

70. A quality engineer is reviewing a product reliability test where 30 units were tested and 5 failures
occurred at hours 850, 1,400, 2,100, 3,500, and 4,200. The remaining 25 units completed the 5,000hour
test without failure. The quality engineer must determine the type of data censoring present and its
implications for analysis.

A. The data has no censoring because all units either failed or completed the test

B. The data is Type | (time) censored — the 25 surviving units are rightcensored observations that
provide the information "this unit survived at least 5,000 hours without failing"; maximum likelihood
estimation must properly account for these censored observations to avoid underestimating the MTBF

C. The surviving units should be treated as failures at 5,000 hours for analysis purposes

D. The surviving units should be excluded from the analysis because they did not fail

71. A quality engineer is analyzing the costeffectiveness of an errorproofing investment. The current
defect costs $85 per occurrence in scrap, rework, and lost production time. The defect occurs
approximately 15 times per month. A proposed pokayoke device costs $8,500 to install and is expected
to eliminate 95% of occurrences. The device has no ongoing operating cost. What is the approximate
payback period?

A. 8,500/ (85 x 15) = 6.7 months at 100% elimination

B. 8,500 / (85 x 15 x 0.95) = 7.0 months at 95% elimination — the device pays for itself in
approximately 7 months through eliminated defect costs, after which it continues generating savings for
its entire operational life

C. The payback cannot be calculated without knowing the device's maintenance schedule

D. 8,500/ (85 x 0.95) = 105 months because only the peroccurrence cost savings matter



72. A quality engineer is conducting a process capability study for a onesided specification — maximum
surface roughness < 1.6 um Ra. The process data shows x = 0.85 um and ¢ = 0.18 um. What is the
appropriate onesided capability index?

A. CPU = (USL x)/(36) = (1.6 0.85)/ (3 x 0.18) = 0.75/0.54 = 1.39, indicating the process mean is
4.17c from the upper specification limit

B. Cp=(USL 0)/(60) =1.6/1.08 = 1.48 using zero as the implied lower specification
C. Cpk requires both specification limits and cannot be calculated for onesided specifications

D. CPU = (1.6 0.85) /(6 x 0.18) = 0.69, using the bilateral denominator

73. A quality engineer is reviewing a product design and encounters a GD&T feature control frame
specifying position tolerance of @0.20 mm at MMC on a pin with a size tolerance of 8.007.95 mm,
referenced to datums A, B, and C. The actual pin is produced at 7.97 mm diameter. What is the total
positional tolerance available?

A. 0.20 mm — the stated tolerance applies at all feature sizes without modification
B. Only 0.17 mm because the pin is smaller than nominal and the tolerance decreases

C. 0.23 mm — the stated tolerance (0.20) plus bonus tolerance from MMC departure (8.00 7.97 = 0.03),
totaling 0.23 mm; as the pin departs from MMC toward LMC, additional positional tolerance becomes
available because the smaller pin has more clearance with the mating hole

D. 0.25 mm because the bonus equals the full size tolerance range

74. A quality engineer is implementing a lean production system and encounters resistance from the
finance department regarding the implementation of onepiece flow. The finance team argues that batch
production maximizes machine utilization rates, which is a key performance metric tracked by senior
management. How should the quality engineer address this conflict?



A. Defer to the finance department because machine utilization is the primary measure of manufacturing
efficiency

B. Machine utilization is indeed more important than flow and should be the primary optimization target
C. Replace the finance team with lean advocates who understand flowbased manufacturing

D. High machine utilization optimizes individual equipment but creates systemlevel waste — large
batches generate excess WIP inventory, long lead times, delayed defect detection, and reduced
flexibility; lean focuses on total system efficiency (flow, lead time, quality) rather than individual
machine metrics, and the quality engineer should present data showing that flowbased production
reduces total cost despite potentially lower individual utilization

75. A quality engineer discovers that a critical process has been running with Cpk = 0.78 for the past 6
months. The production department has been sorting 100% of output to remove nonconforming product.
The sort operation costs $0.15 per unit, and the production volume is 500,000 units annually. The
quality engineer proposes a process improvement project costing $120,000 that would increase Cpk to
1.50, eliminating the need for sorting. What is the economic justification?

A. The sort cost alone does not justify the project because $75,000/year < $120,000
B. The economic analysis should only consider the sorting cost as a justification
C. The improvement project cannot be justified because the 100% sort currently protects the customer

D. At Cpk = 0.78, approximately 2% of production is nonconforming — 10,000 defective units per year
x scrap/rework cost per unit, plus $75,000 annual sorting cost, plus hidden costs (delayed detection, lost
capacity, overtime, customer dissatisfaction risk); the total annual savings likely far exceed the $120,000
onetime investment

76. A quality engineer is conducting a designed experiment and obtains the following ANOVA results
for a 2* factorial with 2 replicates (32 runs): Factor A p = 0.001, Factor B p = 0.35, Factor C p = 0.002,
Factor D p = 0.48, AB interaction p = 0.78, AC interaction p = 0.004, AD interaction p = 0.89, BC
interaction p = 0.56, BD interaction p = 0.67, CD interaction p = 0.45. Which effects should be included
in the final model?



A. Only Factors A and C because they have the smallest pvalues and interactions should be excluded
B. All four factors and all six twofactor interactions should be included regardless of significance

C. Factors A and C plus the AC interaction — but the hierarchy principle requires no additional
inclusions since both parents (A and C) of the significant interaction (AC) are already significant

D. Only Factor A because it has the single smallest pvalue in the ANOVA

77. A quality engineer is reviewing an organization's supplier management program and discovers that
supplier performance is evaluated solely on incoming inspection defect rates. The quality engineer
recommends adding additional metrics. Which combination of metrics provides the most comprehensive
supplier evaluation?

A. Only defect rate is needed because it directly measures the quality of delivered product

B. Quality (defect rate, capability data, CAPA responsiveness), delivery (ontime percentage, lead time
consistency), cost (price competitiveness, total cost of quality), and service (communication
effectiveness, flexibility, technical support) — these four dimensions collectively capture the supplier's
total value and risk profile

C. Only quality and delivery metrics are needed; cost should not be a factor in supplier evaluation

D. Only financial metrics (price, payment terms) because cost control is the primary purchasing
objective

78. A quality engineer is implementing SPC on a process and the production team has collected 25
subgroups of size 5 to establish initial control limits. After plotting all points, the Xbar chart shows
subgroups 8 and 19 above the UCL. Investigation identifies assignable causes for both (a tooling
problem at subgroup 8 and a material lot issue at subgroup 19). Both causes have been corrected. What
is the standard procedure for finalizing the control limits?

A. Keep all 25 subgroups because removing data introduces statistical bias



B. Remove subgroups 8 and 19, recalculate control limits from the remaining 23 subgroups, verify all
remaining points fall within the revised limits, and iterate if additional points exceed the new limits —
this establishes limits that represent the process under normal, corrected conditions

C. Remove only the most extreme subgroup and keep the other in the calculation

D. Collect 25 entirely new subgroups and discard all original data

79. A quality engineer is reviewing a process control plan for a critical aerospace component. The plan
specifies that a critical bore diameter is verified using SPC with subgroups of 5 measured every hour.
The production rate is 30 parts per hour. The quality engineer is concerned about the 30part exposure
between measurements. If the process shifts by 26 immediately after a measurement, approximately how
many potentially nonconforming parts could be produced before the next SPC check detects the shift?

A. Zero parts because SPC provides continuous protection against all process shifts
B. Exactly 5 parts equal to the subgroup size measured at the next check

C. Approximately 30 parts — the full hour's production between SPC checks represents the exposure
risk; while SPC will likely detect the 2c shift at the next measurement (ARL for 2¢ shift = 2 subgroups
on average), the first check after the shift may or may not signal, meaning up to 3060 parts could be at
risk before detection and response

D. Approximately 150 parts representing 5 hours of production at the average run length

80. A quality engineer is implementing a quality information system and must determine which quality
metrics to display on the management dashboard. The quality engineer selects: customer complaint rate
(per 1,000 units shipped), internal defect rate (PPM), cost of quality as percentage of revenue, ontime
delivery percentage, and corrective action closure rate. A colleague suggests adding supplier quality
index and process capability trend for critical characteristics. Why are these additions valuable?

A. Adding more metrics to the dashboard creates information overload and reduces effectiveness

B. The original five metrics are comprehensive and additional metrics add no value



C. Supplier quality and process capability are operational metrics that should not be on a management
dashboard

D. Supplier quality index and process capability trends are leading indicators — they predict future
quality performance by showing whether input quality and process health are stable or deteriorating,
complementing the lagging indicators (complaints, defects, COQ) that reflect past performance

81. A quality engineer is analyzing a process that has been in statistical control for 12 months. The
quality engineer discovers that the moving range chart on the IMR chart shows a single point at zero —
all five measurements in a subgroup are identical (all reading exactly 25.000 mm). The process standard
deviation is o = 0.015 mm, and the measurement resolution is 0.001 mm. Why should this
identicalreading subgroup be investigated?

A. ldentical readings within a subgroup are normal when the process is highly capable

B. The probability of five consecutive measurements being identical when o = 0.015 mm and resolution
= 0.001 mm is astronomically small — this pattern strongly suggests data fabrication, a frozen
instrument, or a measurement system problem rather than genuine process output

C. Identical readings confirm the process is perfectly centered at the target

D. The zero range is expected approximately once in every 370 subgroups on a properly functioning
chart

82. A quality engineer is reviewing a product liability case where a consumer was injured by a product
that was manufactured 7 years ago. At the time of manufacture, the product met all applicable standards
and the state of the art in design. Since then, new failure modes have been identified through
industrywide field experience. The organization asks the quality engineer whether the original design
was adequate. What quality engineering perspective should the engineer provide?

A. The product was adequate because it met all standards at the time of manufacture

B. The organization bears no responsibility because the design was stateoftheart 7 years ago



C. Products that met all standards at the time of manufacture are automatically exempt from liability
claims

D. The quality engineer should evaluate whether the organization maintained postmarket surveillance
that should have identified the emerging failure mode, whether the design should have been updated as
new information became available, and whether the organization had a duty to notify users of the newly
identified risk

83. A quality engineer is conducting an FMEA review for an automotive braking system and the team
identifies a failure mode: "brake pad material degradation due to sustained hightemperature operation."
The team rates Severity = 10 (loss of braking function — safety hazard), Occurrence = 3 (moderate —
occurs in specific driving patterns like mountain descent), and Detection = 4 (good — temperature
warning light and brake performance monitoring). The RPN = 120. Under the Action Priority method,
how should this failure mode be treated?

A. The RPN of 120 is moderate and no specific action is required
B. The failure mode should be monitored but does not require immediate action

C. The Severity of 10 mandates high priority regardless of the RPN — the Action Priority method
requires mandatory action for any failure mode where a safetycritical function could be lost, ensuring
that prevention and detection controls are verified as genuinely effective for this specific failure
mechanism

D. The Detection rating of 4 is sufficient to downgrade the priority to medium

84. A quality engineer is implementing a lean manufacturing initiative and analyzes a workstation where
the operator performs a 12step assembly sequence. The standard work analysis reveals that 4 of the 12
steps involve the operator walking to retrieve components from bins located 8 feet from the assembly
bench, walking back, then continuing assembly. Each retrieval trip takes approximately 12 seconds.
With 4 trips per cycle, the operator spends 48 seconds per unit on motion waste. At a takt time of 180
seconds, what percentage of the takt time is consumed by this motion waste?



A. 48/180 = 26.7% of the takt time is consumed by nonvalueadded walking — relocating components to
pointofuse bins at the assembly bench would reclaim this time for valueadded work or enable a shorter
cycle time

B. The walking time is valueadded because the operator is retrieving necessary components
C. 48/180 = 26.7%, but this motion is necessary and cannot be eliminated

D. The motion waste percentage cannot be calculated without knowing the total number of units
produced

85. A quality engineer is reviewing the organization's approach to design validation for a new industrial
pump. The validation test plan calls for testing 5 pumps at rated conditions (flow rate, pressure,
temperature) for 500 hours. The quality engineer identifies several gaps. Which validation gap is most
significant?

A. The sample size of 5 pumps is always adequate for industrial equipment validation
B. The 500hour test duration is insufficient — it should be at least 5,000 hours for industrial pumps

C. The test only evaluates rated (nominal) conditions — validation should also test at boundary
conditions of the intended operating range, including maximum pressure, maximum temperature,
maximum flow, and combinations of extremes, as well as foreseeable offnormal conditions such as dry
running, rapid cycling, and startup/shutdown transients

D. The test should include customerspecific operating conditions that vary between applications

86. A quality engineer discovers that a newly implemented automated inspection system has a Type |
error rate (false rejection) of 3.5% and a Type Il error rate (false acceptance) of 0.2%. The process
produces 10,000 units per day with a true defect rate of 1%. How many good units are falsely rejected
per day, and how many defective units escape per day?

A. False rejections: 10,000 x 0.99 x 0.035 = 347 good units rejected daily; Escapes: 10,000 x 0.01 x
0.002 = 0.2 defective units escape daily

B. False rejections: 10,000 x 0.035 = 350; Escapes: 10,000 x 0.002 = 20



C. False rejections = 0; Escapes = 0 because automated systems are perfect

D. False rejections: 9,900 x 0.035 = 347 good units falsely rejected; Escapes: 100 x 0.002 = 0.2
defective units escape — the 3.5% false rejection rate creates significant unnecessary scrap/rework of
good product, while the excellent 0.2% false acceptance rate provides strong customer protection

87. A quality engineer is implementing a corrective action for a dimensional nonconformity. The root
cause analysis reveals that the CNC machine's tool offset was incorrectly entered by the operator after a
tool change. The current tool change procedure does not include a step to verify the offset value against
a reference standard or firstpiece measurement. Which corrective action most effectively prevents
recurrence?

A. Retrain the operator who entered the incorrect offset value on proper data entry procedures

B. Add a mandatory firstpiece inspection step after every tool change, verified against the engineering
drawing dimensions

C. Implement dual verification for all CNC offset entries — the operator enters the offset and a second
qualified person independently verifies the entry before production resumes

D. Add a mandatory firstpiece inspection and verified offset entry step to the tool change procedure —
requiring measurement of the new tool, entry of the calculated offset, firstpiece measurement
comparison to the drawing dimension, and documented verification before production begins; this
systemic procedure change applies to all tool changes by all operators

88. A quality engineer is reviewing a process that produces ceramic components with a critical
dimension. The process data shows significant rightskewness (AndersonDarling p = 0.001 for normality
test). The quality engineer needs to report Cpk to a customer. Which approach is most appropriate?

A. Calculate standard Cpk using the mean and standard deviation and note that the data is nonnormal

B. Increase the sample size until the distribution appears normal, then calculate standard Cpk



C. Apply a BoxCox transformation to the data, verify normality of the transformed data, transform the
specification limits, and calculate Cpk on the transformed scale — this preserves the validity of the
capability index while properly accounting for the nonnormal distribution

D. Report only Pp and Ppk since they do not require normality assumptions

89. A quality engineer is reviewing the organization's management review process and discovers that the
review is conducted annually. Between reviews, no quality performance information is formally
presented to top management. Quality data is available but is reviewed only by quality department staff.
ISO 9001:2015 requires management review "at planned intervals." Is annual review frequency
adequate?

A. Annual management review always satisfies 1SO 9001:2015 regardless of organizational
circumstances

B. The adequacy of annual review depends on the organization's context — for rapidly changing
environments, dynamic markets, or organizations with significant quality challenges, annual reviews
may be insufficient; the quality engineer should assess whether important quality trends, emerging risks,
or needed decisions are delayed by the long interval between reviews and recommend more frequent
reviews if annual gaps create quality risk

C. 1SO 9001:2015 specifically requires quarterly management reviews as a minimum

D. Management review frequency has no effect on quality system effectiveness

90. A quality engineer is analyzing the results of a multivari study on a CNC turned component. The
study examines diameter variation at three positions along the part length (withinpiece), across six
consecutive parts (piecetopiece), and at four times during the shift (temporal). Results: withinpiece
variation contributes 15%, piecetopiece contributes 25%, and temporal contributes 60%. Which
improvement should be prioritized?

A. Withinpiece variation (15%) because it indicates tooling or fixturing problems that are easiest to fix

B. Piecetopiece variation (25%) because it indicates material or setup inconsistency



C. All three sources should be addressed simultaneously with equal priority and resource allocation

D. Temporal variation (60%) because it is the dominant contributor — investigate what changes during
the shift (thermal expansion, tool wear, coolant temperature, material lot transitions) and address the
specific mechanism driving the progressive change to achieve the maximum reduction in overall
dimensional variation

91. A quality engineer is reviewing a supplier's process validation report for a critical adhesive bonding
process. The validation tested three cure temperatures (low, nominal, high of the validated range) and
three cure times (low, nominal, high). All nine parameter combinations produced acceptable bond
strength. However, the quality engineer notices that the test only evaluated the specified bond strength at
room temperature. The bonded assembly will operate at temperatures from 40°C to +85°C. Why is this
an incomplete validation?

A. Bond strength testing at room temperature is always sufficient for adhesive validation
B. The ninecombination parameter study adequately covers all relevant variation sources
C. Temperature effects on adhesive performance are only relevant for military applications

D. The validation must include bond strength testing at the operating temperature extremes — adhesive
properties change significantly with temperature; bond strength at room temperature does not predict
performance at 40°C (where adhesives may become brittle) or +85°C (where adhesives may soften and
lose strength)

92. A quality engineer is implementing a quality function deployment (QFD) process and constructing
the House of Quality matrix. The team has identified 12 customer requirements and 15 engineering
characteristics. While filling in the relationship matrix, the quality engineer notices that engineering
characteristic #7 ("material tensile strength™) has strong relationships (weight = 9) with 8 of the 12
customer requirements. What does this tell the engineering team?

A. Material tensile strength should be eliminated because it correlates with too many requirements

B. The strong correlations indicate an error in the QFD construction process



C. Material tensile strength is the most critical engineering characteristic — it significantly influences
the majority of what customers care about most, and therefore should receive the highest priority in
target setting, design optimization, and verification testing

D. Engineering characteristics should each correlate with no more than 3 customer requirements

93. A quality engineer is conducting a twoproportion Ztest comparing defect rates from two production
shifts. Day shift: 22 defectives out of 800 (p: = 0.0275). Night shift: 38 defectives out of 750 (p2 =
0.0507). The pooled proportion is p = 60/1550 = 0.0387. The Zstatistic is Z = 2.21 with pvalue = 0.027
at o = 0.05. What is the conclusion?

A. The shifts have identical defect rates because both rates are below 10%

B. There is statistically significant evidence that the night shift has a higher defect rate than the day shift
(p = 0.027 < 0.05) — the quality engineer should investigate the root causes of the difference,
examining factors such as staffing, supervision, lighting, training, fatigue, or equipment maintenance
that differ between shifts

C. The Zvalue is negative, which invalidates the test result

D. The result is borderline and should be ignored unless the pvalue drops below 0.01

94. A quality engineer is analyzing warranty return data and constructs a Weibull plot. The plot shows
two distinct line segments — a steep segment for early failures (B: = 0.6, first 6 months) transitioning to
a shallower segment for later failures (B2 = 2.8, after 12 months). What does this twopopulation Weibull
indicate?

A. The Weibull model is invalid because the plot should produce a single straight line
B. The single Weibull distribution should be fit using only the later failures since they represent wearout
C. Both segments should be averaged to produce a single  value for the overall population

D. Two distinct failure populations exist — early failures (B: < 1) represent infant mortality from
manufacturing defects that could be reduced through improved screening or burnin testing, while later



failures (B2 > 1) represent wearout from cumulative degradation; a mixedWeibull model is needed, and
different quality strategies address each population

95. A quality engineer is implementing acceptance sampling for a component with an AQL of 0.65%
using ANSI/ASQ Z1.4 at inspection level Il. The lot size is 5,000 units. The single sampling plan
specifies n = 200, ¢ = 3. The quality engineer inspects a lot and finds exactly 3 defective units. What is
the lot disposition?

A. Reject the lot because 3 defectives represents a 1.5% defect rate, which exceeds the 0.65% AQL

B. Place the lot on hold for reinspection because the defective count exactly equals the acceptance
number

C. The lot must be 100% inspected because borderline results require complete screening

D. The AQL percentage represents a quality benchmark, not an acceptance/rejection criterion for
individual lots

E. Accept the lot because the number of defectives (3) equals the acceptance number (¢ = 3) — the
acceptance rule is: accept if defectives < c; since 3 < 3, the lot passes

Let me fix this — | have 5 options. Let me redo:

95. A quality engineer is implementing acceptance sampling for a component with an AQL of 0.65%
using ANSI/ASQ Z1.4 at inspection level Il. The lot size is 5,000 units. The single sampling plan
specifies n = 200, ¢ = 3. The quality engineer inspects a lot and finds exactly 3 defective units. What is
the lot disposition?

A. Accept the lot because the number of defectives (3) equals the acceptance number (c = 3) — the
acceptance rule is: accept if defectives < ¢; since 3 < 3, the lot meets the acceptance criterion

B. Reject the lot because 3 defectives represents a 1.5% defect rate exceeding the AQL
C. Place the lot on hold for reinspection because the count exactly equals the acceptance number

D. The lot must be 100% inspected because borderline results require complete screening



96. A quality engineer is reviewing the organization's approach to continual improvement and discovers
that improvement projects are selected based solely on which problems generate the most complaints.
No cost analysis, process data trending, capability analysis, or benchmarking data is used to identify
improvement opportunities. What is the limitation of complaintdriven improvement selection?

A. Complaintdriven selection is the most effective way to prioritize improvement projects
B. Complaints always correlate perfectly with the most costly quality problems

C. Complaintdriven selection is reactive and may miss the most costly quality problems — some
highcost internal failures (scrap, rework) may generate few customer complaints, while some frequent
complaints may involve lowcost issues; a comprehensive approach using Pareto analysis of total quality
costs, capability trending, benchmarking, and complaint data together produces better ROI prioritization

D. The organization should ignore complaints entirely and focus only on internal quality data

97. A quality engineer is reviewing a calibration program and discovers that a critical optical comparator
has been calibrated using the same set of reference masters for 8 years. The reference masters
themselves have never been verified against higherlevel standards since their initial certification. The
quality engineer is concerned. Why?

A. Reference masters are inherently stable and never require reverification once certified

B. Reference masters are immune to wear, damage, and environmental degradation after initial
certification

C. The concern is valid because reference masters can degrade over time through wear, handling
damage, corrosion, or environmental exposure — if the masters have drifted from their certified values,
every calibration performed against them during the 8year period may have introduced systematic bias
into the comparator's measurements; periodic reverification of reference standards against higherlevel
standards is essential to maintain the traceability chain

D. Eight years is within the normal service life for all reference masters and no action is needed



98. A quality engineer is analyzing a control chart and notices that the Xbar chart shows a sustained shift
— the last 10 points are all above the center line — while the R chart remains stable. The shift is
approximately 1.5 above the original center line. What is the expected impact on the process capability
indices if the shift persists?

A. The shift has no effect on Cp or Cpk because both indices are based on specification limits, not chart
limits
B. Cp is unaffected (it measures process spread, not centering), but Cpk decreases because the process

mean has moved closer to one specification limit — the 1.5¢ shift reduces the Cpk by approximately
0.50 (1.50/306) on the near side, potentially moving the process from capable to incapable

C. Both Cp and Cpk increase because the shift indicates process improvement

D. Both Cp and Cpk decrease equally because any instability degrades both indices

99. A quality engineer is implementing a risk management system and must establish risk acceptance
criteria for a medical device manufacturer. The organization produces Class Il devices (moderate risk).
The quality team proposes a simple 3x3 risk matrix (Low/Medium/High for both probability and
severity). A regulatory specialist argues that a more granular matrix is needed. Why might the 3x3
matrix be insufficient?

A. A 3x3 matrix is always adequate for all medical device risk assessments regardless of device class
B. The 3x3 matrix is only appropriate for Class | (low risk) medical devices

C. A 3x3 matrix has only 9 cells, providing limited granularity that may force very different risk profiles
into the same cell — risks with distinctly different probability and severity combinations may receive
identical ratings, preventing meaningful prioritization; a 5x5 or finer matrix provides Dbetter
discrimination for the nuanced risk decisions required in medical device manufacturing

D. Risk matrices are prohibited for medical devices under ISO 14971

100. A quality engineer is reviewing the organization's approach to process monitoring and discovers
that SPC charts are maintained for 35 different characteristics across the production line, but the charts



are reviewed only weekly during a management meeting. Between meetings, outofcontrol signals go
unaddressed. The quality engineer observes that 3 of the 35 charts currently show outofcontrol signals
that have been present for 24 days. What is the fundamental problem with this monitoring approach?

A. Maintaining 35 charts is excessive and the number should be reduced to fewer than 10
B. Weekly review is adequate as long as all charts are eventually examined

C. SPC without timely response to signals provides no quality protection — the entire purpose of SPC is
realtime detection followed by immediate investigation and correction; reviewing charts days after
signals occur means the process may have produced nonconforming output for the entire delay period,
defeating the preventive intent of statistical process control

D. The charts should be replaced with 100% automated inspection to eliminate the need for operator
response

101. A quality engineer is analyzing a designed experiment with 6 factors at 2 levels. Budget allows
only 16 runs. The engineer selects a 22 fractional factorial. With appropriate defining relations, this
design achieves Resolution IV. What specific limitation does Resolution 1V impose on the analysis?

A. Main effects are confounded with twofactor interactions, preventing clean estimation of either

B. The design cannot estimate any interactions because all 15 degrees of freedom are consumed by main
effects

C. All main effects and all twofactor interactions can be estimated independently without confounding

D. Main effects are estimated cleanly (aliased only with threefactor and higher interactions), but
twofactor interactions are confounded with other twofactor interactions — requiring process knowledge
or followup experiments to determine which aliased interaction is the true driver

102. A quality engineer is implementing a lean production system and encounters a situation where the
paint booth — a shared resource — serves three production lines. Each line requires different paint
colors, and changeovers between colors take 45 minutes. The current schedule batches all of one color
together before switching. This creates large WIP buffers at the paint booth. Which lean tool most
directly addresses this problem?



A. Value stream mapping to identify all sources of waste throughout the facility

B. SMED (Single Minute Exchange of Die) to reduce the 45minute color changeover time, enabling
more frequent color changes and smaller batches — this reduces the WIP buffers by allowing the paint
booth to serve all three lines more frequently

C. 5S workplace organization to improve the paint booth area cleanliness and efficiency

D. Total productive maintenance to reduce paint equipment breakdowns and increase availability

103. A quality engineer is reviewing a product's failure mode and effects analysis and discovers that the
team has assigned Detection = 10 (no detection capability) to a failure mode because no inspection or
test currently exists for that specific failure mechanism. The team then proposes accepting the high RPN
without action because "we've never seen this failure in the field." Why is this reasoning flawed?

A. The team is correct — failure modes that have never occurred do not require detection controls

B. Detection = 10 is the maximum possible rating and automatically requires corrective action
regardless of field history

C. The RPN calculation is invalid when Detection equals 10 because the scale is not linear

D. Absence of field reports does not mean the failure has never occurred — it may have been
misdiagnosed, unreported, or masked by other failures; the high Detection rating indicates a genuine gap
in the organization's ability to find this failure before the customer does, and the FMEA should drive
implementation of appropriate detection or prevention controls

104. A quality engineer is conducting a process capability study and discovers that the process data
contains 3 outliers among 100 measurements — values that are more than 4 standard deviations from the
mean. Investigation reveals that 2 outliers were caused by a temporary raw material contamination
(identified and corrected) and 1 outlier has no identified cause. How should the quality engineer handle
these outliers?

A. Remove all 3 outliers automatically since they exceed the 4o threshold for statistical outlier removal

B. Include all 3 outliers because any data exclusion introduces bias into the capability calculation



C. Remove the 2 outliers with identified assignable causes (material contamination) but retain the
unexplained outlier — removing data requires a documented, verified assignable cause; the unexplained
point may represent legitimate (if rare) process behavior that the capability study should capture

D. Replace each outlier with the mean of the adjacent data points to smooth the data set

105. A quality engineer is reviewing an organization's approach to supplier development and discovers
that the quality department unilaterally selects suppliers for development based on incoming defect rates
alone. No input from engineering, purchasing, or production is solicited. Which improvement to the
supplier development selection process would produce the most impactful results?

A. The quality department should have sole authority over all supplier development decisions
B. Only the purchasing department should select suppliers for development based on cost metrics
C. Supplier development candidates should be selected through crossfunctional consensus

D. A crossfunctional team including quality, engineering, purchasing, and production should
collaboratively select suppliers based on multiple criteria — component criticality, quality trends,
delivery performance, strategic importance, and risk level — ensuring development resources target
suppliers where improvement has the greatest overall business impact

106. A quality engineer is analyzing the results of a Gage R&R study and discovers that the
reproducibility component (12.5% of tolerance) is significantly larger than the repeatability component
(3.8% of tolerance). The total %GRR is 13.1% of tolerance. Which improvement action addresses the
dominant variation source?

A. Replace the measurement instrument with a higherprecision model to reduce repeatability

B. Focus on reducing operatorrelated variation — standardize the measurement procedure, improve
fixturing to reduce operatordependent part positioning, and provide additional training on consistent
measurement technique

C. Increase the number of trials per operator to improve the repeatability estimate

D. Accept the measurement system since the total %GRR is below 30%



107. A quality engineer is implementing a risk management system and must establish monitoring
indicators for a critical supply chain risk — singlesource dependency for a specialized electronic
component. The component has a 12week lead time, and no alternate source exists. Which combination
of leading and lagging indicators provides the most comprehensive early warning?

A. Only lagging indicators (production line stops due to component shortage) are needed
B. Only the supplier's ontime delivery rate needs to be monitored as a single metric

C. Leading indicators: supplier financial health reports, supplier capacity utilization trending, component
inventory levels versus safety stock targets, and geopolitical risk monitoring for the supplier's region;
Lagging indicators: actual delivery performance, quality rejection rates, and any supply disruption
events — together providing both predictive warning and outcome confirmation

D. Monitor only the component's spot market price as an indicator of supply availability

108. A quality engineer is reviewing a product design for a portable medical device that will be used by
patients in their homes. The device requires the user to connect a specific tube to a specific port — one
of three identically shaped ports arranged in a row. The current design relies on colorcoded labels to
guide the user. From a human factors and errorproofing perspective, why is this design inadequate for
homeuse medical devices?

A. Colorcoded labels provide adequate guidance for all user populations including home users
B. Homeuse medical devices do not require the same human factors rigor as hospital devices
C. The labels should be replaced with larger text instructions for better readability

D. Color coding alone is insufficient because users may be colorblind, may use the device in poor
lighting, or may ignore labels under stress — inherently safe design would use uniquely shaped
connectors that physically prevent incorrect connections, making the correct connection the only
possible connection regardless of user ability or attention

109. A quality engineer is analyzing the OC curve for an acceptance sampling plan with n = 125, ¢ = 3.
The plan provides the following acceptance probabilities: at 1.0% incoming quality, Pa = 0.95; at 3.0%,



Pa = 0.50; at 5.0%, Pa = 0.10. The quality engineer must explain the plan's discrimination capability to
management. What is the key message?

A. The plan guarantees rejection of all lots worse than 1.0% nonconforming
B. The plan accepts all lots regardless of quality because it only inspects 125 of potentially thousands
C. The plan provides identical protection at all quality levels because the sample size is constant

D. The plan discriminates effectively between good and bad lots — at 1.0% defective, lots are accepted
95% of the time; at 5.0% defective, lots are rejected 90% of the time; the transition zone between high
acceptance and high rejection (approximately 15% quality) defines where the plan's decision power is
concentrated

110. A quality engineer is reviewing a control chart for a chemical batch process. The IMR chart shows
the individual values chart is stable with no signals. However, the quality engineer notices that the data
has been recorded to only one decimal place (e.g., 25.1, 25.2, 25.0, 25.1) when the process variation
warrants recording to two decimal places. The result is that many data points share the same recorded
value. What effect does this insufficient measurement resolution have on the control chart?

A. Insufficient resolution has no effect on control chart performance or interpretation
B. The lack of resolution improves chart performance by reducing apparent noise in the data

C. The coarse resolution creates artificial patterns in the data — particularly on the moving range chart,
where identical consecutive values produce zero ranges and adjacent dissimilar values produce large
ranges; this granularity can create a bimodal MR distribution that inflates or distorts the control limit
calculations and masks real process behavior

D. The resolution issue only affects the individuals chart, not the moving range chart

111. A quality engineer is implementing a corrective action for a recurring assembly error where
operators occasionally install a washer on the wrong side of a bracket. The current corrective action
history shows: occurrence 1 — retrain operator A; occurrence 2 — retrain operator B; occurrence 3 —



retrain operator C; occurrence 4 — retrain operator A again. What does this pattern definitively prove
about the root cause?

A. All three operators need more intensive and frequent retraining sessions

B. The repeated retraining failures across multiple operators prove the root cause is systemic — the
assembly design, work instructions, fixturing, or workplace layout enables the error regardless of which
operator is performing the task; the corrective action must change the system (errorproofing, design
modification, or fixturing) rather than repeatedly retraining individuals

C. Operator A should be reassigned because they have been retrained twice without improvement

D. The retraining approach is correct but the frequency should be increased to monthly sessions

112. A quality engineer is reviewing a supplier's process validation report for a critical injection molding
process. The validation protocol tests three parameter combinations: low/low, nominal/nominal, and
high/high for injection pressure and mold temperature. The quality engineer identifies a significant gap
in this test matrix. What is missing?

A. The protocol should include midpoint testing at the center of the parameter ranges

B. The validation tested the diagonal corners but missed the offdiagonal combinations — specifically,
low pressure/high temperature and high pressure/low temperature; these mixedextreme combinations
may produce different results than the matched extremes, and the validation provides no assurance that
the process works at these unexamined boundary conditions

C. The protocol should test parameters one at a time rather than in combinations

D. The three tested combinations are sufficient because they cover the full range of both parameters

113. A quality engineer is analyzing field failure data for an electronic product and constructs a Pareto
chart of failure modes. The top three failure modes account for 78% of all returns: connector failure
(42%), capacitor degradation (22%), and solder joint crack (14%). The quality engineer must select one
improvement project. Which additional analysis would most strengthen the project selection decision?



A. Calculate the cost per failure for each mode — if connector failures average $15 per occurrence but
capacitor degradation averages $250 per occurrence, the costbased prioritization may differ from the
frequencybased Pareto, potentially making capacitor degradation the highervalue improvement target

B. The frequencybased Pareto alone is always sufficient for project selection
C. Only the most frequent failure mode should ever be selected for improvement regardless of cost

D. All three failure modes should be addressed simultaneously in a single project

114. A quality engineer is implementing a calibration program and discovers that the organization
calibrates all instruments at the same 12month interval, regardless of the instrument type, usage
frequency, criticality, or calibration history. A torque wrench used 50 times per day on safetycritical
fasteners receives the same calibration interval as a ruler used once per week for noncritical
measurements. What calibration program improvement should the quality engineer implement?

A. All instruments should be calibrated monthly to maximize measurement confidence

B. Instruments should never have their calibration intervals changed from the manufacturer's
recommendation

C. Only instruments used on safetycritical measurements require calibration; noncritical instruments are
exempt

D. Riskbased calibration intervals considering usage frequency, measurement criticality, instrument
stability history, and consequence of measurement error — highuse instruments on safetycritical
measurements should receive shorter intervals, while stable instruments on noncritical measurements
may safely extend their intervals

115. A quality engineer is analyzing a control chart and observes that the R chart for a machining
process has shown a steady upward trend over the last 20 subgroups — the withinsubgroup ranges are
gradually increasing, though no individual point has yet exceeded the UCL. The Xbar chart shows no
abnormal patterns. What does the increasing Rchart trend indicate, and why must it be addressed before
interpreting the Xbar chart?



A. The increasing R chart has no effect on the Xbar chart and both can be interpreted independently

B. The upward R chart trend indicates growing withinsubgroup variation — likely from progressive tool
wear, loosening fixtures, or degrading material consistency; this must be addressed first because the
Xbar chart control limits are calculated from R, and if variability is increasing, the current Xbar limits
may no longer accurately represent process behavior

C. The R chart trend should be ignored until a point actually exceeds the UCL

D. Only the Xbar chart provides meaningful process information; the R chart is supplementary

116. A quality engineer is implementing acceptance sampling under ANSI/ASQ Z1.4. The organization
has been on tightened inspection for a particular supplier's product after two lot rejections. Under the
switching rules, what must occur before the organization can return to normal inspection?

A. Five consecutive lots must be accepted under tightened inspection before switching back to normal
B. The supplier must achieve 1SO 9001 certification before normal inspection can resume
C. Management can override the tightened inspection at any time based on business needs

D. The organization must wait 12 months under tightened inspection before returning to normal

117. A quality engineer is conducting a designed experiment to optimize a coating process. The 2* full
factorial with 2 replicates (32 runs) yields significant effects for Factor A (coating speed), Factor C
(drying temperature), and the AC interaction. Factors B and D and all other interactions are not
significant (p > 0.25). The quality engineer must determine the optimal settings. At AHigh/CHigh,
response = 92.5; AHigh/CLow = 88.3; ALow/CHigh = 89.1; ALow/CLow = 85.7. For Factors B and D,
which settings should be used?

A. Both B and D should be set to their high levels as a precautionary measure
B. Factor B should be set high and Factor D should be set low for balanced optimization

C. Factors B and D can be set to whatever levels minimize cost, maximize throughput, or optimize other
nonguality objectives — since neither factor significantly affects the coating quality response, their



settings represent "free variables" that can serve other business objectives without degrading product
quality

D. B and D should be set to the same levels used in the experimental runs that produced the best result

118. A quality engineer is reviewing a product design and discovers that the tolerance analysis uses the
worstcase (arithmetic) method for a 10component assembly stack. The worstcase analysis shows the
assembly fails to meet the required clearance by 0.15 mm. The design engineer proposes switching to
statistical (RSS) tolerance analysis, which shows the assembly meets requirements with margin. Under
what condition is it appropriate to use the statistical method instead of worstcase?

A. Statistical tolerance analysis can always be used as a direct replacement for worstcase analysis

B. Statistical analysis should never be used because worstcase is the only valid method for tolerance
stacks

C. The statistical method replaces worstcase whenever the engineer prefers the result

D. Statistical tolerance analysis is appropriate when the component dimensions are independently
manufactured, approximately normally distributed, and centered within their tolerances — if any
dimension is systematically biased toward one limit or if the number of components is small (fewer than
45), the statistical assumptions may not hold and worstcase or a modified approach should be used

119. A quality engineer is reviewing the results of an internal audit and discovers that the audit found
zero nonconformities across all 12 audited processes. The quality engineer is skeptical rather than
celebratory. What specific concerns should the quality engineer raise about the zerofinding audit?

A. Zero findings confirm the quality system is functioning perfectly and no concerns should be raised

B. The quality engineer should not question audit results because doing so undermines auditor
credibility

C. Zero findings across all processes always indicate insufficient audit rigor

D. Zero findings across 12 processes warrants investigation into audit rigor — the quality engineer
should examine whether audit criteria were sufficiently challenging, whether the audit scope covered



highrisk areas thoroughly, whether auditors probed beyond surface compliance to evaluate process
effectiveness, and whether the audit duration was adequate for meaningful assessment

120. A quality engineer is implementing a quality cost tracking system and must classify the cost of
conducting annual management reviews including the time of all attendees, preparation of data
packages, and meeting facilities. Under which COQ category should management review costs be
classified?

A. Internal failure costs because management review addresses quality problems identified during the
year

B. External failure costs because management review considers customer feedback and complaint data

C. Management review costs are not quality costs — they are general management overhead outside the
COQ framework

D. Prevention costs because management review is a proactive quality management activity that
evaluates QMS effectiveness, identifies improvement opportunities, and makes decisions to prevent
future quality problems

121. A quality engineer is analyzing a process that has been running in statistical control for 6 months.
The process has Cp = 1.55 and Cpk = 1.50. The nearequality of these values confirms excellent
centering. The production manager proposes reducing the SPC sampling frequency from every 30
minutes to every 2 hours because the process is "proven capable.” Before approving, what risk
assessment should the quality engineer perform?

A. Approve immediately because Cpk > 1.33 guarantees the process will remain stable indefinitely
B. Reject categorically because sampling frequency should never be reduced once established
C. Approve only if the Cpk exceeds 2.0 for at least 12 consecutive months

D. Evaluate the production volume between samples (2hour gap x production rate = parts at risk), the
consequence of an undetected shift during that interval, the historical stability record, and whether the



Cpk margin provides sufficient buffer — the decision should be riskbased, balancing inspection cost
savings against potential quality exposure

122. A quality engineer is reviewing a supplier's corrective action response to a recurring dimensional
nonconformity. The supplier's root cause states "operator did not follow the procedure” and the
corrective action states "operator was retrained and procedure was posted at the workstation.” This is the
third time this exact corrective action has been implemented for the same problem. What should the
quality engineer require?

A. The corrective action is adequate because the procedure is now posted at the workstation
B. The operator should be terminated and replaced with a more qualified worker
C. The third recurrence demands more intensive training with formal competency testing

D. The quality engineer should reject this response — three identical retraining corrective actions for the
same problem prove the root cause is systemic, not individual; the supplier must investigate why
operators do not follow the procedure (unclear instructions, inadequate errorproofing, conflicting
priorities, impractical requirements) and implement systemlevel changes

123. A quality engineer is conducting a measurement system linearity study using five reference
standards spanning the instrument's operating range. At each reference, the instrument is measured 12
times. The results show: Reference 5.0 — bias = +0.002; Reference 15.0 — bias = +0.001; Reference
25.0 — bias = 0.000; Reference 35.0 — bias = 0.003; Reference 45.0 — bias = 0.008. What does this
pattern indicate?

A. The measurement system has excellent linearity because the bias at 25.0 is exactly zero

B. The bias systematically changes from positive at the low end to increasingly negative at the high end,
indicating a linearity problem — the instrument reads progressively lower relative to the true value as
measurements increase; a single bias correction cannot compensate across the full range because the
correction needed differs at each measurement level

C. All biases are small and the linearity is acceptable for any application



D. The negative biases at the high end indicate the instrument is losing sensitivity and should be
replaced

124. A quality engineer is implementing a lean manufacturing initiative and the team identifies that a
CNC turning center has an OEE of 65%. The breakdown shows: Availability = 82% (significant
unplanned downtime), Performance = 90% (minor speed losses), Quality = 88% (scrap and rework). The
quality engineer must prioritize improvement. Which component offers the greatest OEE improvement
opportunity?

A. Performance (90%) because speed improvements increase throughput most directly

B. Quality (88%) because reducing defects from 12% to 6% would increase OEE by approximately 5
percentage points

C. All three components should receive equal improvement resources for balanced optimization

D. Availability (82%) because it represents the largest gap from ideal — the 18% availability loss from
unplanned downtime likely represents the greatest absolute improvement opportunity; reducing
downtime through preventive maintenance, SMED for changeover reduction, and equipment reliability
improvement would produce the largest OEE increase

125. A quality engineer is reviewing the organization's document control system and discovers that 15
controlled procedures have been revised within the past 6 months, but only 8 of the 15 have documented
evidence that affected personnel were notified and trained on the changes. For the remaining 7
procedures, the revisions were uploaded to the electronic system but no notification was issued. What
quality system gap does this represent?

A. Electronic document systems automatically notify users of changes and no additional notification is
needed

B. Training is only required for procedures that affect product quality directly, not for all controlled
procedures

C. The 7 procedures without notification represent a document control gap — revision distribution must
include notifying affected personnel and verifying their awareness of changes; uploading a new version



without notifying users creates risk that personnel continue following outdated practices despite the
current version being available

D. The documentation system needs an automatic notification feature, which would eliminate the need
for manual communication

126. A quality engineer is analyzing a designed experiment and discovers that the response variable has
significant measurement error — the Gage R&R for the response measurement is 35% of the response
variation. How does this measurement system inadequacy affect the experiment?

A. Measurement error has no effect on designed experiments because the error is random and cancels
out

B. The high measurement error increases the noise in the experiment, reducing the statistical power to
detect real factor effects — some truly significant effects may appear nonsignificant because the
measurement noise masks them; the quality engineer should improve the measurement system or
increase the number of replicates to compensate

C. The measurement error inflates all effect estimates equally, making significant effects appear larger

D. The experiment results are completely invalid and must be discarded entirely

127. A quality engineer is implementing a riskbased approach to process validation revalidation. The
current policy requires complete revalidation of all processes every 3 years. A critical sterilization
process underwent its last validation 2 years ago. Since then, the sterilizing agent supplier changed, the
sterilization chamber received a new heating element, and three customer complaints about insufficient
sterilization have been received. Should the quality engineer wait for the 3year revalidation date?

A. Yes, the 3year schedule should be followed regardless of interim changes or complaints
B. Revalidation is only required when the customer formally requests it in writing

C. The three customer complaints alone are sufficient justification for revalidation without considering
the process changes



D. No — the combination of supplier change (different sterilizing agent properties), equipment
modification (new heating element affecting temperature profile), and quality signals (customer
complaints) collectively trigger immediate revalidation regardless of the calendar schedule; waiting
another year risks continued production under potentially invalid conditions

128. A quality engineer is reviewing a control chart and notices that the Xbar chart shows a sustained
shift upward — the last 12 points are all above the center line. The R chart is stable throughout. The
quality engineer investigates and determines the shift was caused by a new raw material lot with slightly
higher hardness. The production manager states that all output remains within specification. Should the
quality engineer take action?

A. No action is needed because all output is within specification and the R chart confirms stable
variation

B. The control limits should be recalculated using only the last 12 subgroups to reflect the new material

C. The sustained shift should be addressed even though output remains within specification — the
upward shift reduces the margin between the process mean and the upper specification limit; the quality
engineer should determine whether the material change is permanent, whether the shift will persist, and
whether process adjustment is needed to recenter the mean and restore the full specification margin

D. The Xbar chart center line should be moved up to match the new material's performance level

129. A quality engineer is implementing a supplier audit program and must determine the appropriate
audit approach for a new supplier of safetycritical titanium aerospace fasteners. The supplier is 1SO
9001 certified and has AS9100 certification pending. Which audit approach provides the most thorough
initial assessment?

A. Accept the ISO 9001 certification as sufficient qualification for aerospace fastener supply
B. Conduct a desk audit reviewing the supplier's quality manual and procedures remotely

C. Wait until the AS9100 certification is complete before conducting any assessment



D. Conduct a comprehensive onsite audit covering quality system implementation, process capability for
the specific fastener characteristics, raw material traceability, special process controls (heat treatment,
plating), measurement system adequacy, and personnel competency — certification alone does not
verify specific manufacturing capability for safetycritical aerospace components

130. A quality engineer is analyzing a Weibull plot of bearing failure data and obtains B = 3.5 and n =
40,000 hours. The maintenance department wants to know the B10 life — the operating time at which
10% of bearings are expected to have failed. Using F(t) =1 e((t/n)"B), solve for t when F(t) = 0.10.

A. B10 = 40,000 x 0.10 = 4,000 hours using 10% of the characteristic life
B. B10 =40,000/3.5 = 11,429 hours dividing n by 3
C. B10 cannot be calculated from Weibull parameters without additional information

D. B10 = n x (In(0.90))*(1/8) = 40,000 x (0.1054)"(1/3.5) = 40,000 x (0.1054)"(0.286) ~ 40,000 x
0.463 ~ 18,520 hours — approximately 18,500 hours of operation before 10% of bearings are expected
to fail

131. A quality engineer is analyzing a process that produces pharmaceutical tablets and discovers that
the process capability study was conducted using data from only the first hour of each production batch.
Each batch runs for 8 hours. The firsthour Cpk is 1.65. The quality engineer suspects this overestimates
the true capability. Why?

A. Firsthour data is always representative of the entire batch in pharmaceutical manufacturing
B. Cpk of 1.65 is too high to be credible for any pharmaceutical process

C. The first hour of production may represent the bestcontrolled period — equipment is freshly set up,
materials are at target conditions, and operator attention is highest; as the batch progresses, tablet weight
may drift due to powder segregation, granulation moisture changes, compression force drift, or hopper
depletion effects that increase variation beyond what the first hour captures

D. The sample size from one hour is always too small for a valid capability study



132. A quality engineer is implementing errorproofing on a surgical instrument assembly line. The
highestrisk failure mode involves installing a spring in the wrong orientation — the spring functions in
both orientations but provides correct force in only one. Currently, operators visually inspect spring
orientation using a magnifying lamp. The error rate is 800 ppm. Which pokayoke approach is most
effective?

A. Improve the magnifying lamp to higher magnification for better visual discrimination

B. Redesign the spring or its seat to be asymmetric so that installation in the wrong orientation is
physically impossible — this eliminates the error at its source through inherently safe design, making
correct installation the only possible installation regardless of operator attention or skill level

C. Add a second operator to verify spring orientation after installation

D. Replace the visual check with an automated force test on every instrument after assembly

133. A quality engineer is reviewing a hypothesis test result where p = 0.03 and the observed effect size
is a 0.5 mm difference between two process means. The specification tolerance is £5.0 mm (10.0 mm
total). The quality engineer must communicate the results to management. Which interpretation is most
appropriate?

A. The result proves both statistical and practical significance because p < 0.05
B. The 0.5 mm difference is the maximum possible difference between the processes
C. The test should be repeated with a larger sample size to confirm the result

D. The result is statistically significant (p = 0.03) but the practical significance is questionable — the 0.5
mm difference represents only 5% of the 10.0 mm tolerance, and the quality engineer should evaluate
whether this magnitude of difference has any meaningful impact on product quality or customer
requirements before recommending process changes

134. A quality engineer is conducting a Gage R&R study and the team debates the number of parts to
include. The AIAG MSA manual recommends 10 parts, but a colleague argues that 5 parts are sufficient
to save time. Under what condition would 5 parts potentially produce misleading results?



A. Five parts is always adequate for any Gage R&R study regardless of application

B. With only 5 parts, the parttopart variation captured by the study may be too small if the parts do not
adequately represent the full production range — this understates the denominator in the %GRR
calculation, potentially inflating the %GRR percentage and ndc value, leading to an overly pessimistic
assessment of a measurement system that would perform well across the full production range

C. The number of parts has no effect on Gage R&R results under any circumstances

D. Five parts produces more reliable results than 10 because fewer parts reduce study complexity

135. A quality engineer is reviewing the organization's approach to design review and discovers that
design reviews are conducted as oneway presentations by the design team to management. There is no
structured evaluation against design input requirements, no participation by manufacturing, quality, or
service functions, and no formal action item tracking for issues identified during the review. What
improvements should the quality engineer recommend?

A. The current presentation format meets all 1ISO 9001:2015 design review requirements
B. Design reviews should be attended only by the design team and management for confidentiality

C. Transform design reviews into structured, crossfunctional evaluation sessions with systematic
assessment against design input requirements, participation by all relevant functions (manufacturing,
quality, service, purchasing), formal documentation of identified issues as tracked action items with
assigned owners and due dates, and verification of action item closure before proceeding to the next
design phase

D. Design reviews should be replaced by design verification testing as the sole evaluation mechanism

136. A quality engineer is implementing a visual management system and must design an effective
production status board for a lean manufacturing cell. The board should enable anyone — operators,
supervisors, managers, or visitors — to understand the cell's current performance at a glance. Which
information elements are essential?

A. Only the daily production target and actual count are needed for an effective status board



B. Hourly production plan versus actual (enabling immediate identification of shortfalls), current quality
metrics (defect count or firstpass yield), equipment status (running/down/changeover), active quality
alerts or abnormality notices, and the names of responsible personnel for each role — presented with
intuitive color coding visible from the cell entrance

C. A detailed monthly financial report showing cost per unit and departmental budget variance

D. Only equipment maintenance schedules and calibration due dates need to be displayed

137. A quality engineer is reviewing a process that produces precision optical components. The process
has demonstrated Cpk = 2.20 for the past 12 months — exceptionally high capability. The production
manager argues that because capability is so high, SPC monitoring is wasteful and should be eliminated.
How should the quality engineer respond?

A. The production manager is correct — SPC can be eliminated when Cpk consistently exceeds 2.0
B. SPC should be maintained at the current frequency regardless of capability level
C. SPC frequency should be doubled when capability is this high to protect the valuable process

D. SPC and capability serve different purposes — capability describes historical performance, while
SPC provides ongoing surveillance to detect process changes in realtime; capability can degrade without
warning from tool wear, material changes, or equipment drift, and SPC is the early warning system that
detects these changes before they impact product quality; the engineer should evaluate whether
frequency can be reduced but not eliminated

138. A quality engineer is analyzing warranty return data and discovers that products manufactured
during July and August consistently have higher field failure rates than products manufactured during
other months. Production volume, materials, equipment, and procedures are the same yearround. Which
environmental factor should the quality engineer investigate first?

A. Summer holiday schedules may result in less experienced temporary workers operating the
production lines during July and August



B. Seasonal temperature and humidity changes during July and August — elevated ambient
temperatures and humidity in the manufacturing environment may affect process parameters, material
properties (adhesive cure, solder reflow, polymer behavior), or storage conditions in ways that degrade
product reliability without triggering inprocess specification violations

C. Customer usage patterns change in summer, causing more field failures regardless of product quality

D. The warranty claim processing system may have seasonal backlogs that distort the timing of reported
failures

139. A quality engineer is implementing a corrective action system and must determine whether a
specific nonconformity warrants a formal corrective action or a simple correction (immediate fix). A
single lot of incoming material fails incoming inspection due to surface finish exceeding the
specification. Investigation reveals this is the first occurrence from this supplier in 3 years, the cause was
a onetime equipment malfunction that the supplier has already repaired, and the affected lot is the only
impacted material. Should a formal corrective action be initiated?

A. Every nonconformity requires a formal corrective action with full root cause analysis regardless of
frequency or circumstances

B. A formal corrective action is never needed for supplierrelated nonconformities since the supplier
handles their own quality

C. A simple correction (rejecting or dispositioning the nonconforming lot) is appropriate for this isolated
incident — the cause has been identified as a onetime equipment malfunction already corrected, there is
no pattern of recurrence, and the impact is limited to one lot; however, the quality engineer should
monitor subsequent deliveries to confirm no recurrence

D. The supplier should be immediately disqualified based on this single nonconformity

140. A quality engineer is reviewing a designed experiment and the team asks whether to center the
experimental factor ranges on the current process settings or to shift the range to explore new operating
territory. The current process has Cpk = 0.85 and the team wants to find settings that improve capability.
Which approach is more likely to find improved conditions?



A. Center the factor ranges on the current settings to ensure the experiment captures the existing process
behavior

B. The experimental factor ranges should be shifted to explore operating territory beyond the current
settings — since the current settings produce inadequate capability (Cpk = 0.85), exploring new territory
increases the probability of discovering improved conditions; centering on the current settings only
characterizes the alreadyknown inadequate performance

C. Factor ranges should always be as narrow as possible to maximize precision

D. Factor ranges should always span the full operating range of the equipment regardless of the current
settings

141. A quality engineer is reviewing an organization's risk management program and discovers that all
identified risks have been assigned mitigation actions, but none of the actions have been verified for
effectiveness. Risks were downgraded from "high" to "low" based solely on the assumption that the
planned actions would work. What is wrong with this approach?

A. Risk ratings can be reduced once treatment actions are planned, even before implementation

B. Risk downgrading based on planned but unverified actions is premature — risks should only be
downgraded after treatment actions are actually implemented AND their effectiveness has been verified
through objective evidence

C. Only highseverity risks require effectiveness verification; moderate risks can be downgraded based
on plans alone

D. Risk ratings should never be changed from their initial assessment regardless of treatment actions

142. A quality engineer is conducting a process capability study and the customer requires that the study
demonstrate Cpk > 1.67. The quality engineer's study yields Cpk = 1.72 based on 50 subgroups of size 5
(250 total measurements). The quality engineer must consider the confidence interval around the point
estimate of 1.72. Why is the confidence interval important?

A. Confidence intervals are unnecessary for capability indices because the point estimate is always exact



B. The point estimate of Cpk = 1.72 has uncertainty associated with it — the true process capability may
be higher or lower than 1.72; the lower confidence bound may fall below the required 1.67, which would
mean the quality engineer cannot state with statistical confidence that the process meets the customer's
minimum requirement

C. Confidence intervals are only relevant for capability studies with fewer than 30 measurements

D. The confidence interval width is always zero for sample sizes exceeding 100 measurements

143. A quality engineer is implementing a lean initiative and discovers that the production scheduling
system uses a monthly forecast to generate work orders. The forecast accuracy is only 65% at the
productfamily level. This inaccuracy creates significant overproduction of some products and shortages
of others. Which lean scheduling approach addresses this forecast dependency?

A. Improve the forecasting model to achieve 95% accuracy before implementing any lean changes
B. Increase safety stock for all products to buffer against forecast inaccuracy

C. Replace forecastdriven (push) scheduling with demanddriven (pull) scheduling that triggers
production based on actual customer orders and consumption signals rather than forecasted demand —
this eliminates the dependency on forecast accuracy by producing only what customers have actually
ordered or consumed

D. Reduce the forecast horizon from monthly to weekly while maintaining the push scheduling approach

144. A quality engineer is reviewing an organization's approach to customer complaint handling and
discovers that complaints are classified, logged, and individually resolved, but no systematic analysis of
complaint patterns is performed. Each complaint is treated as an isolated incident. What improvement
would extract the most value from the complaint data?

A. Increase the speed of individual complaint responses to reduce average resolution time
B. Hire additional complaint handlers to reduce the backlog of open complaints

C. The current individualresolution approach fully satisfies all quality system requirements



D. Implement systematic complaint trend analysis — Pareto analysis by complaint category,
stratification by product/region/time period/customer segment, correlation with production variables,
and root cause pattern identification — to detect systemic quality issues, prioritize improvement
projects, and identify emerging failure patterns before they become widespread

145. A quality engineer is analyzing a process that exhibits a bimodal distribution in its histogram —
two distinct peaks at 49.8 mm and 50.4 mm. The specification is 50.0 £ 0.8 mm. The combined data
yields Cpk = 1.15. The quality engineer suspects two different machines contribute to the bimodality.
After separating the data by machine: Machine A yields Cpk = 1.45 (centered at 49.8) and Machine B
yields Cpk = 0.72 (centered at 50.4). What is the most effective improvement action?

A. Report the combined Cpk of 1.15 since it represents the overall process output
B. Shut down both machines until they produce identical output
C. Focus improvement on Machine A since it has the lower mean value

D. Focus improvement on recentering Machine B — Machine A is already capable (Cpk = 1.45) while
Machine B (Cpk = 0.72) is incapable due to its offcenter mean; recentering Machine B toward 50.0 mm
would dramatically improve both its individual Cpk and the overall combined process performance

146. A quality engineer is implementing a document control system for a regulated pharmaceutical
manufacturing facility. In addition to standard document control requirements (revision control,
approval, distribution), pharmaceutical regulations impose which additional documentation
requirements?

A. Standard document control requirements are identical for pharmaceutical and nonpharmaceutical
facilities

B. Pharmaceutical regulations typically require additional controls including 21 CFR Part 11 compliance
for electronic records (electronic signatures, audit trails, access controls), validation of computer
systems used for document management, defined document retention periods, and specific requirements
for batch production records linking each batch to the specific procedure revisions used during
manufacture



C. Pharmaceutical documents require only the quality manager's signature, not the multiple approvals
required in other industries

D. Pharmaceutical regulations prohibit electronic document management systems

147. A quality engineer is reviewing a product reliability test where 20 units completed a 5,000hour life
test with zero failures. Using the chisquare method for the lower confidence bound on MTBF at 90%
confidence: MTBF lower = 2T/y¢*(a, 2r+2) = 2(100,000)/%*(0.10, 2) = 200,000/4.605 = 43,429 hours. A
colleague argues that zero failures means the MTBF is infinite. Why is this incorrect?

A. Zero failures in a finite test period does prove infinite MTBF
B. The colleague is correct for sample sizes exceeding 20 units

C. Zero failures means the test demonstrated that the true MTBF exceeds 43,429 hours at 90%
confidence — it does not prove infinite MTBF; with a larger sample or longer test duration, the lower
confidence bound would increase, but no finite test can demonstrate infinite reliability

D. The chisquare method is invalid for zerofailure data and the colleague's interpretation is correct

148. A quality engineer is analyzing a control chart and observes the following pattern: the first 15
points on the Xbar chart alternate between values near 24.9 and 25.1, creating a clear zigzag pattern. The
R chart is stable. This systematic alternation between two levels suggests which condition?

A. The process is exhibiting normal random variation and the pattern is coincidental

B. Two distinct process states are alternating systematically — common causes include overadjustment
(each correction overshooting the target), alternation between two machines or cavities producing
different means, switching between two operators with different techniques, or rotation between two
material lots; the regularity of the pattern rules out random variation

C. The control limits are too tight and are generating the apparent pattern

D. The R chart stability disproves the Xbar pattern and no investigation is needed



149. A quality engineer is implementing a risk management system and must establish the frequency of
risk register reviews. The organization produces medical devices in a rapidly evolving regulatory
environment, uses suppliers in geopolitically unstable regions, and has recently acquired a new product
line. A colleague proposes annual review during the management review meeting. Is annual review
frequency adequate for this organization?

A. Annual review during management review is always adequate for all organizations regardless of
context

B. Risk register reviews are only triggered by external audit findings, not by calendar intervals
C. Risk registers should be reviewed daily to ensure all risks are continuously monitored

D. Annual review is likely insufficient given this organization's risk profile — rapidly changing
regulations, geopolitically exposed suppliers, and a new product line create dynamic risk conditions that
could change significantly between annual reviews; quarterly or more frequent reviews with interim
monitoring of highpriority risk indicators would better protect the organization

150. A quality engineer is reviewing the organization's approach to process monitoring and discovers
that 40 SPC charts are maintained across the production floor, but the charts are reviewed only during
the weekly quality meeting. Between meetings, outofcontrol signals go unaddressed for up to 7 days.
Three charts currently show outofcontrol conditions that have been present for 35 days. What is the
fundamental problem with this delayed response?

A. Weekly chart review is adequate as long as all charts are eventually examined

B. SPC without timely response to outofcontrol signals provides no quality protection — the 35 day
delay between signal occurrence and investigation means the process produced potentially
nonconforming output for the entire delay period; the purpose of SPC is realtime detection followed by
immediate response, and any system that delays response defeats SPC's preventive intent

C. The number of charts should be reduced from 40 to 10 to enable more frequent review

D. The charts should be replaced with 100% inspection to eliminate the need for timely SPC response



151. A quality engineer is implementing a supplier quality management program and must determine
whether to require suppliers to submit SPC data with each shipment. The supplier produces a
safetycritical fastener for aerospace application. The quality engineer reviews the options: (1) receiving
inspection only, (2) supplier certificate of conformance only, (3) supplier SPC data submission with
receiving inspection verification. Which approach provides the best quality assurance for this
application?

A. Receiving inspection alone provides adequate quality assurance for any component

B. A certificate of conformance is sufficient because it provides the supplier's formal attestation of
quality

C. SPC data submission combined with receiving inspection provides the most comprehensive assurance
— the SPC data demonstrates that the supplier's process is in statistical control and capable, while
receiving inspection independently verifies conformance; for safetycritical aerospace fasteners, this
dualverification approach provides both processlevel and productlevel confidence

D. Only destructive testing of every fastener can provide adequate quality assurance for safetycritical
aerospace applications

152. A quality engineer is reviewing the results of an accelerated life test for an LED lighting product.
Forty units were tested at three elevated temperatures (85°C, 105°C, and 125°C) with the normal
operating temperature being 55°C. The Arrhenius model was used to extrapolate results to 55°C. The
predicted MTTF at normal conditions is 85,000 hours. A colleague questions the acceleration model's
validity. What is the most critical assumption that must hold for the extrapolation to be reliable?

A. The sample size must be at least 100 for Arrhenius extrapolation to be valid

B. The failure mechanism at the accelerated temperatures must be the same as at normal operating
temperature — if elevated temperature activates different degradation physics (different failure mode)
than what occurs at 55°C, the Arrhenius extrapolation will predict the wrong failure rate

C. The Arrhenius model is always valid regardless of the failure mechanism

D. Acceleration factors must exceed 10x for reliable extrapolation to normal conditions



153. A quality engineer is implementing a corrective action for a packaging defect where the wrong lot
number is occasionally printed on product labels. The root cause analysis reveals that operators
manually enter lot numbers into the printing system at the beginning of each production run. Entry
errors occur at a rate of 500 ppm. Which corrective action most effectively prevents recurrence?

A. Retrain operators on the correct lot number entry procedure with emphasis on doublechecking
B. Add a supervisor verification step where the supervisor confirms the lot number after operator entry
C. Increase the font size on the label template to make entry errors more visible during inspection

D. Implement automated lot number transfer from the production scheduling system to the label printer
— eliminating manual data entry removes the human error source entirely; if manual entry must remain,
add barcode scanning verification that crossreferences the entered number against the production order

154. A quality engineer is conducting a oneway ANOVA comparing the mean tensile strength from four
different heat treatment batches. The ANOVA yields F = 2.45 with a critical value of Fo.0s(3,36) = 2.87.
What is the conclusion?

A. At least one batch mean differs significantly from the others because the Fvalue exceeds 2.0

B. All four batches produce identical mean tensile strength because the Fvalue is close to the critical
value

C. The ANOVA result is invalid because 4 groups requires at least 50 observations per group

D. Fail to reject Ho because the calculated F (2.45) does not exceed the critical F (2.87) — there is
insufficient evidence at oo = 0.05 to conclude that the batch means differ; the observed variation between
batches is consistent with normal random sampling variation

155. A quality engineer is implementing a lean manufacturing initiative and calculates that the current
production process has a firstpass yield (FPY) of 85% and a rolled throughput yield (RTY) of 68%
across six sequential operations. The significant gap between FPY and RTY indicates which condition?



A. FPY and RTY always produce identical results for properly controlled processes
B. The RTY is calculated incorrectly because it should always be higher than FPY

C. The gap indicates significant hidden factory activity — products are being reworked and passed at
multiple stages; while 85% eventually pass final inspection (FPY), only 68% pass through all six
operations without any defect or rework (RTY); the 17percentagepoint gap represents the cost and
complexity of rework that FPY alone does not reveal

D. The RTY is irrelevant for lean manufacturing and only FPY should be tracked

156. A quality engineer is reviewing a supplier's SPC data and notices that the control chart shows
excellent stability — all 30 points within limits with no patterns. However, the quality engineer also
notices that the supplier's reported Cpk of 1.85 seems inconsistent with the data. Upon closer
examination, the quality engineer discovers that the supplier calculated Cpk using individual
measurements (overall o) but reported the withinsubgroup ¢ value in the calculation. How does using
the wrong ¢ affect the reported Cpk?

A. The choice of ¢ has no effect on the Cpk calculation

B. Using the withinsubgroup o (typically smaller) instead of the overall ¢ (typically larger) would
overstate the Cpk — the reported 1.85 may be artificially inflated because the withinsubgroup estimate
excludes betweensubgroup variation that the overall standard deviation captures

C. Using overall 6 would always produce a higher Cpk than using withinsubgroup o

D. Both ¢ values produce identical Cpk for processes in statistical control

157. A quality engineer is implementing a calibration program and must determine the measurement
uncertainty for a critical dimensional measurement. The measurement uses a micrometer with
manufacturerspecified accuracy of +0.003 mm, operator variability contributes +0.002 mm, the
temperatureinduced uncertainty is £0.004 mm, and the reference standard uncertainty is £0.001 mm.
What is the combined standard uncertainty?

A. Combined uncertainty = 0.003 + 0.002 + 0.004 + 0.001 = 0.010 mm (arithmetic sum)



B. Combined uncertainty cannot be calculated without knowing the correlation between sources
C. Combined uncertainty = max(0.003, 0.002, 0.004, 0.001) = 0.004 mm using only the dominant source

D. Combined standard uncertainty = v(0.0032 + 0.0022 + 0.004 + 0.0012) = V(0.000009 + 0.000004 +
0.000016 + 0.000001) = v¥0.000030 = 0.00548 mm — assuming all sources are independent, the RSS
method properly combines them

158. A quality engineer is analyzing field failure data and discovers that a product's failure distribution
does not fit any single standard distribution (exponential, Weibull, or lognormal). The Weibull
probability plot shows two distinct line segments with different slopes. What statistical model should the
quality engineer use to characterize this failure behavior?

A. The failure data is unreliable and should be discarded because it does not fit a standard distribution
B. Forcefit a single Weibull distribution using the overall data, ignoring the twosegment pattern

C. A mixed (competing risk) Weibull model with two separate B and n parameters — one set for each
failure population; this model properly characterizes each failure mechanism independently and enables
targeted quality strategies for each population (e.g., burnin for infant mortality and preventive
maintenance for wearout)

D. Use the exponential distribution as the default because it is the simplest model

159. A quality engineer is reviewing a process control plan for a painting operation. The plan specifies
color verification using a spectrophotometer with a sample of 3 panels per batch. The quality engineer
discovers that the spectrophotometer has not had a Gage R&R study performed — its measurement
capability relative to the color specification tolerance is unknown. Why is this a significant gap?

A. Spectrophotometers are inherently precise instruments that do not require Gage R&R studies
B. Gage R&R is only required for dimensional measurement instruments, not for color measurement

C. The measurement system capability is unknown — without a Gage R&R study, the quality engineer
cannot determine whether the spectrophotometer contributes acceptable variation relative to the color



tolerance; if the measurement system has excessive variation, accept/reject decisions will be unreliable
and the SPC data will be contaminated by measurement noise

D. Color measurements are subjective and cannot be evaluated using Gage R&R methodology

160. A quality engineer is reviewing the organization's internal audit schedule and discovers that the
audit program has been structured to audit each 1SO 9001:2015 clause separately — one audit for Clause
7, another for Clause 8, and so on. The result is fragmented audits that examine clause requirements in
isolation without assessing crossfunctional process interactions. What improvement should the quality
engineer recommend?

A. Clausebyclause auditing is the correct approach recommended by 1ISO 19011

B. Transition to processbased auditing that traces processes endtoend across departments and clauses —
auditing the "ordertodelivery™ process, for example, naturally covers requirements from multiple clauses
(customer communication, design, purchasing, production, inspection, delivery) while evaluating how
these activities interact and flow as an integrated system

C. Each clause should be audited more frequently rather than changing the audit structure

D. Only management system documentation needs to be audited; processes do not require auditing

161. A quality engineer is conducting a process capability study for a onesided specification —
maximum particle contamination < 50 particles per wafer (semiconductor manufacturing). The process
data shows X = 18 particles and ¢ = 8 particles. The data is rightskewed because particle counts cannot
be negative and have a natural lower bound at zero. What capability index should be calculated, and
what caution is needed?

A. CPU = (50 18)/(3 x 8) = 32/24 = 1.33 — Dbut the quality engineer should note that the standard Cpk
formula assumes normality, and particle count data is typically rightskewed; the actual proportion
exceeding 50 particles may differ from what the normalbased index predicts, and nonparametric
methods or distributionspecific indices may provide more accurate capability assessment

B. Cp =50/(6 x 8) = 1.04 using the USL as both limits



C. Capability cannot be calculated for particle count data because it is discrete

D. CPU = (50 18)/8 = 4.0 using the single standard deviation as denominator

162. A quality engineer is implementing a supplier development program. Supplier X has a critical
component defect rate that has increased from 150 ppm to 2,200 ppm over six months. The quality
engineer conducts a joint investigation and discovers that Supplier X changed their raw material source
four months ago. The new material meets all specification requirements but has slightly different
processing characteristics. What is the most effective corrective approach?

A. Require Supplier X to return to their original material source immediately
B. Terminate Supplier X and qualify a replacement supplier

C. Work with Supplier X to adjust their process parameters to optimize performance with the new
material — the material meets specifications, so the issue is processmaterial compatibility; a designed
experiment at the supplier's facility testing key process parameters with the new material could identify
optimal settings that restore the original quality level while maintaining the material change

D. Accept the higher defect rate as the cost of using a new material source

163. A quality engineer is reviewing a failure analysis report for a fractured metal shaft. The report
identifies beach marks (concentric progression marks) on the fracture surface originating from a sharp
radius at a keyway. The beach marks cover approximately 80% of the crosssection before the remaining
20% shows a rough, granular final fracture zone. What does this fracture surface morphology indicate
about the failure mechanism and the applied stress?

A. The shaft failed due to a single overload event that exceeded the material's ultimate strength
B. The shaft failed due to hydrogen embrittlement causing intergranular cracking
C. The fracture surface indicates corrosion fatigue where chemical attack caused material dissolution

D. The large fatigue zone (80% of crosssection) with beach marks originating at the keyway stress
concentration indicates lowstress, highcycle fatigue — the crack initiated at the stress raiser and
propagated slowly under cyclic loading before the remaining crosssection could no longer support the



load and fractured suddenly; the 80/20 ratio suggests the operating stress was relatively low compared to
the material's strength

164. A quality engineer is implementing a lean manufacturing initiative and the team identifies that
changeover times on a stamping press are the primary constraint limiting production flexibility. The
current changeover takes 120 minutes. After SMED Phase 1 (separating internal and external setup), the
team identifies: 40 minutes of external activities, 50 minutes of adjustment and alignment, and 30
minutes of die mounting/unmounting. Which SMED phase targets the 50 minutes of adjustment time?

A. External setup conversion is the only SMED phase and it addresses all three activity categories

B. Phase 2 (converting internal to external) and Phase 3 (streamlining all setup operations) — the 50
minutes of adjustment can be reduced by implementing preset die heights using standardized shim
stacks, using locating pins for automatic alignment, and employing oneturn clamps instead of bolts for
rapid securing

C. Adjustment time cannot be reduced through SMED methodology and requires equipment redesign

D. The 50minute adjustment time should be eliminated by using a single die for all products

165. A quality engineer is reviewing the organization's approach to design verification testing for a new
industrial control system. The test plan includes 200 hours of functional testing at ambient conditions
(25°C, 50% RH). The product will be installed in industrial environments with temperatures from 10°C
to +55°C, humidity from 5% to 95%, and exposure to electromagnetic interference (EMI), vibration, and
power fluctuations. Why is the ambientonly test plan inadequate?

A. Ambient testing adequately represents all industrial operating conditions
B. The 200hour test duration is the primary concern, not the test conditions
C. Industrial environmental conditions are only relevant for militarygrade equipment

D. The test plan must include testing under the full range of expected environmental conditions —
temperature extremes, humidity cycling, EMI immunity, vibration, and power quality variations — to



verify the product performs reliably across all foreseeable installation conditions; ambientonly testing
provides no evidence of performance at the environmental extremes the product will encounter

166. A quality engineer is analyzing a scatter diagram of ambient temperature versus product
dimensional accuracy. The Pearson correlation is r = 0.72, and the relationship appears linear with a
positive slope. The quality engineer proposes implementing a temperaturecompensation algorithm in the
CNC controller. Before implementation, what critical validation step is needed?

A. No validation is needed because r = 0.72 is sufficiently strong to justify compensation
B. The correlation should be increased to r > 0.90 before compensation is considered

C. A designed experiment should be conducted where temperature is deliberately controlled at multiple
levels while other variables are held constant — this confirms whether temperature actually causes the
dimensional change or whether a confounding variable (humidity, which often correlates with
temperature) is the true causal factor; implementing compensation for the wrong variable could
introduce unnecessary process variation

D. Only a correlation exceeding r = 0.95 can justify process compensation adjustments

167. A quality engineer is reviewing the organization's CAPA system effectiveness and discovers that
the average time from problem identification to root cause determination is 65 days. The average time
from root cause to implementation is only 5 days. This severely imbalanced timing pattern reveals which
CAPA system weakness?

A. The 5day implementation period is too short and should be extended to at least 30 days
B. The rapid implementation indicates the organization takes corrective action seriously
C. The 65day root cause analysis period is appropriate for thorough investigation

D. The root cause investigation phase is the primary bottleneck — 65 days indicates insufficient
investigation resources, lack of root cause analysis skills, competing priorities that delay CAPA work, or
no urgency mechanism for escalating highpriority investigations; streamlining investigation tools,



providing training, and establishing priority escalation protocols would dramatically reduce the total
CAPA cycle time

168. A quality engineer is implementing a riskbased approach to incoming inspection and must establish
inspection levels for four types of incoming materials. Material A: safetycritical, new supplier with no
quality history. Material B: noncritical, commodity item from a longestablished supplier with 50 ppm
defect rate over 5 years. Material C: critical dimension component from a supplier with demonstrated
Cpk > 2.0 and 3 years of zerodefect receiving inspection. Material D: safetycritical, from a certified
supplier with recent quality decline (defect rate increased from 100 to 800 ppm). Rank from most to
least intensive inspection.

A. All four should receive identical inspection intensity for supplier relationship fairness

B. A and D (most intensive) — C — B (least intensive) — safetycritical items from unproven or
declining suppliers demand the most rigorous inspection, while critical items from proven, highly
capable suppliers need moderate verification, and noncritical commodities from established suppliers
need minimal oversight

C.B — D — C — A, prioritizing established suppliers over new ones regardless of criticality

D. Only materials A and D require inspection; B and C should receive skiplot inspection

169. A quality engineer is reviewing a product's design FMEA and discovers that the FMEA has not
been updated since the original design phase 4 years ago. During those years, the product accumulated
15 customer complaints about a failure mode that was not identified in the original FMEA, two design
revisions were implemented, and the manufacturing process was transferred to a new facility. The
quality engineer recommends updating the FMEA. What specific information should be incorporated?

A. Only the customer complaint data needs to be added to the existing FMEA
B. The original FMEA is a fixed document that should not be modified after the design phase

C. The FMEA should incorporate field failure data including the 15 complaints (revealing actual failure
modes and frequencies), impact of both design revisions on existing failure mode ratings, effects of the
facility transfer on occurrence and detection ratings, and any new failure modes identified through



manufacturing experience — transforming the FMEA from a stale designphase artifact into a living risk
management document

D. The FMEA should be replaced entirely with a new FMEA rather than updated

170. A quality engineer is conducting a designed experiment to optimize a welding process. The 23 full
factorial with 2 replicates (16 runs) yields: Factor A (current) p = 0.001, Factor B (speed) p = 0.002,
Factor C (gas flow) p = 0.55, AB interaction p = 0.003, AC interaction p = 0.72, BC interaction p = 0.45,
ABC interaction p = 0.88. The quality engineer must build the final model. Which terms should be
included?

A. All seven effects should be included regardless of significance to preserve the complete factorial
structure

B. Only Factors A and B because they have the smallest pvalues and all interactions should be excluded

C. Factors A, B, C, and the AB interaction — but C should be excluded since it is not significant and not
involved in any significant interaction

D. Factors A and B and the AB interaction — Factor C is not significant and has no significant
interactions, so it can be set based on nonquality criteria; both A and B are individually significant and
appear as parents of the significant AB interaction, satisfying the hierarchy principle

171. A quality engineer is implementing a quality information system and must determine the
appropriate data retention period for SPC control chart data. The product has a Syear warranty and a
10year expected service life. The industry has a 6year statute of limitations for product liability claims.
Regulatory requirements specify a 3year minimum retention period. What retention period should the
quality engineer establish?

A. 3 years based on the regulatory minimum retention requirement
B. 5 years based on the warranty period

C. 6 years based on the statute of limitations period



D. At least 1011 years covering the product's expected service life plus one year — this ensures data
availability throughout the period when quality issues could emerge, supports product liability defense
for the full statute of limitations, exceeds all regulatory minimums, and enables trend analysis across the
product's complete lifecycle

172. A quality engineer is analyzing the results of a chisquare test comparing defect rates across three
production lines. The 3%2 contingency table (3 lines x defective/nondefective) yields y*> = 8.45 with 2
degrees of freedom. The critical value at a = 0.05 is 5.991. The test is significant. To determine which
specific lines differ, the quality engineer examines the standardized residuals. Line C has a standardized
residual of +2.8 in the "defective™ cell. What does this indicate?

A. Line C's defect rate is close to the overall average and is not a significant contributor

B. Line C contributes disproportionately to the significant chisquare — its defect rate is significantly
higher than expected if all lines had the same rate; a standardized residual of +2.8 (exceeding the +2
threshold) identifies Line C as the primary driver of the overall significant difference and should be the
focus of improvement investigation

C. All three lines have significantly different defect rates from each other

D. The standardized residual of +2.8 indicates Line C has the lowest defect rate among the three lines

173. A quality engineer is reviewing an organization's approach to process validation for a critical
adhesive bonding operation. The validation protocol tests adhesive bond strength at the nominal cure
time (30 minutes) and the nominal cure temperature (150°C). The validated range for these parameters
iS: cure time 2535 minutes and temperature 140160°C. What boundary condition testing is missing from
the protocol?

A. The nominalonly testing is sufficient because operators maintain parameters at exactly the nominal
values

B. The protocol should test all four corner conditions of the operating window — minimum
time/minimum temperature (25 min/140°C), minimum time/maximum temperature (25 min/160°C),



maximum time/minimum temperature (35 min/140°C), and maximum time/maximum temperature (35
min/160°C) — to verify acceptable bond strength across the full validated range, not just at the center

C. Only the minimum time/minimum temperature combination needs testing as the worst case

D. Boundary condition testing is only required for sterilization processes, not adhesive bonding

174. A quality engineer is implementing a lean value stream improvement and identifies that the final
inspection station creates a bottleneck — it takes 5 minutes per unit while the takt time is 3 minutes. The
inspection includes dimensional checks, visual examination, and functional testing. Rather than adding a
second inspector, the quality engineer proposes a lean approach. Which strategy best addresses this
constraint?

A. Eliminate the final inspection entirely since lean philosophy opposes all inspection

B. Move inspection elements upstream — distribute dimensional checks to the machining station
(selfinspection), visual examination to the assembly station, and retain only functional testing at the final
station; this reduces the final inspection time below takt time while maintaining total quality verification
through distributed inspection at the point of manufacture

C. Reduce inspection requirements by eliminating half the dimensional checks to speed up the process

D. Accept the bottleneck and build a WIP buffer before the inspection station

175. A quality engineer is reviewing the organization's approach to management review and discovers
that the review focuses exclusively on reviewing past performance metrics. No forwardlooking analysis
of emerging risks, anticipated regulatory changes, market trends, or planned organizational changes is
included. I1SO 9001:2015 Clause 9.3.2 requires consideration of "changes in external and internal
issues.” What should the quality engineer recommend?

A. Management review should focus exclusively on historical data because past performance is the only
reliable indicator of future quality

B. Forwardlooking analysis is only required for strategic planning meetings, not management reviews



C. The quality engineer should add analysis of only competitor quality performance as the
forwardlooking element

D. Add a forwardlooking component analyzing emerging risks (supply chain, regulatory, technology),
anticipated changes (standards revisions, market shifts, organizational restructuring), and improvement
opportunities — enabling management to make proactive decisions that prepare the QMS for future
challenges rather than only reacting to historical performance data

Practice Exam 8: Answer Key and Explanations

1.C—Z USL = (508 - 503.2) / 2.4 = 4.8/ 2.4 = 2.0. A Z-score of 2.0 corresponds to approximately
2.28% of output exceeding the upper specification limit. The intentional overfill strategy effectively
eliminates underfill risk (Z_LSL = (503.2 - 492)/2.4 = 4.67, essentially zero), but creates measurable
risk at the upper limit that must be weighed against regulatory underfill consequences.

2. A — The significant Machine x Material interaction means Material's effect depends on which
Machine is used — one material may perform well on one machine but poorly on another. The hierarchy
principle requires retaining Material in the model as a parent of the significant interaction, even though
its averaged main effect across all machines appears non-significant.

3.D—(0.714)"4.2 = e”(4.2 x In(0.714)) = e/\(4.2 x (-0.337)) = e”(-1.415) = 0.243. Then R = e/\(-0.243)
= 0.784. Approximately 21.6% of blades may develop cracks before the 25,000-cycle inspection.

4. B — The supervisor confuses specification limits (product acceptance criteria defining what the
customer requires) with control limits (process behavior indicators detecting when the process has
changed). Control limits provide early warning of process shifts that could eventually produce
nonconforming output — ignoring these signals allows the process to deteriorate until specification
violations occur, by which time many defective parts may have been produced.

5. C — The 5x5 risk matrix inadequately represents this low-probability catastrophic risk. A score of 5
("low-medium™) masks the reality that the potential consequence includes multiple fatalities. Risk
acceptance criteria must never treat catastrophic severity as tolerable solely because probability is low
— the irreversibility and magnitude of the potential harm demand robust treatment regardless of the
numerical score.



6. D — In Resolution Il designs, main effects are aliased with two-factor interactions. Factor A is
aliased with BD, so the observed significant effect could be due to A alone, the BD interaction alone, or
a combination. A follow-up experiment at higher resolution with only the significant factors separates
the confounded effects and identifies the true driver.

7. A — With %GRR = 5.2% (well below 10%) and ndc = 14 (far above the minimum 5), the
measurement system meets both AIAG MSA acceptability criteria with substantial margin. The system
has excellent discrimination capability and contributes minimal variation relative to the tolerance,
making it fully acceptable for all quality decisions including SPC and capability analysis.

8. B — For zero-failure tests using the chi-square method: MTBF lower = 2T/y*(a, 2r+2) =
2(50,000)/%%(0.10, 2) = 100,000/4.605 = 21,715 hours at 90% confidence. Despite zero observed
failures, the statistical framework provides a lower confidence bound on MTBF that accounts for the
limited sample size and test duration.

9. D — Decreasing range values indicate the process variation is reducing over time. While often
positive (tooling wearing in, operator improving, material becoming more consistent), the quality
engineer should verify this through investigation. If the trend is genuine process improvement, the
control limits should eventually be recalculated to reflect the new, tighter variation. If it reflects
measurement system degradation, correction is needed.

10. C — RSS tolerance = V(0.102 + 0.05% + 0.042) = (0.01 + 0.0025 + 0.0016) = V0.0141 = 0.119 mm.
The statistical method produces a combined tolerance significantly smaller than the worst-case
arithmetic sum of 0.19 mm because it accounts for the low probability of all dimensions simultaneously
being at their extreme values.

11. A — Comparing old and new material properties against the specification is the most direct and
efficient investigation path. The timing correlation (material source change 4 months ago, quality
decline 3 months ago) strongly implicates the new material. Identifying the specific property difference
enables targeted resolution — either adjusting the process for the new material or reverting to the
original source.

12. B— ANSI/ASQ Z1.4 switching rules require three conditions for switching from normal to reduced
inspection: (1) ten consecutive lots accepted under normal inspection, (2) production at a steady rate,
and (3) approval by the responsible authority. The production rate and authority approval requirements
ensure the quality history reflects stable, representative conditions.



13. D — A Weibull shape parameter § = 0.65 indicates a decreasing failure rate — infant mortality
behavior. Preventive replacement at fixed intervals removes motors that have survived the high-risk
early period and replaces them with new motors that have a higher initial failure rate. This
counterproductive strategy increases the overall fleet failure rate rather than reducing it.

14. C — The pattern reveals a fundamental gap between audit depth and purpose. Focusing on minor
documentation errors while missing significant process effectiveness problems means the audit program
has become a surface-level compliance exercise. Effective audits evaluate whether the QMS achieves its
intended results — not just whether forms are properly filled out.

15. B — Reducing sample size from 49 to 25 per group reduces statistical power from the target 80% to
approximately 50%. This means there is a 50% probability of failing to detect the 2.0-unit difference
even if it truly exists — a coin-flip chance of a Type Il error. The quality engineer should understand
and accept this increased risk or find resources for the full sample.

16. A — Station 3's 47-second cycle time exceeds the 45-second takt time by only 2 seconds. Analyzing
the detailed task breakdown at Station 3 identifies specific work elements that can be redistributed to
adjacent stations with available capacity — Station 2 has 3 seconds of idle time and Station 4 has 10
seconds. Precise element redistribution balances the line without adding resources.

17. D — Under the AIAG/VDA Action Priority method, Severity = 10 (potential injury) mandates high
priority regardless of how low the Occurrence and Detection ratings appear. The consequences of being
wrong about the O=1 or D=1 ratings are catastrophic and irreversible. The AP method ensures that
safety-critical failure modes always receive robust verification of their prevention and detection
controls.

18. C — The design inputs failed to include the full range of foreseeable operating environments. High
humidity (>85% RH) is a reasonably foreseeable use condition that should have been identified during
design input definition and incorporated into the verification test plan. Testing only at standard lab
conditions (50% RH) left a critical gap in the design verification.

19. A — Comparing Cp/Cpk (calculated from within-subgroup o) to Pp/Ppk (calculated from overall o)
reveals whether between-subgroup variation exists. If Pp/Ppk are substantially lower than Cp/Cpk, the
process experienced instability during the study period — shifts, trends, or special causes added
variation between subgroups that the within-subgroup estimate does not capture.



20. B — Effectiveness verification requires post-implementation data compared to the pre-action
baseline over a sustained monitoring period. A single inspection, manager sign-off, or simple
implementation confirmation cannot demonstrate that the root cause was eliminated. Only sustained
defect rate reduction over a defined period (typically 90 days) confirms the corrective action truly
works.

21. D — With Cpk = 1.65, the statistical control limits would be extremely tight compared to the
specification limits. Using specification limits creates massive dead zones where the process mean can
shift several sigma without triggering any chart signal. Hundreds of parts could be produced at a
degraded quality level before the shift approaches the specification boundaries.

22. C — The calculated y*> = 22.4 exceeds the critical value of 16.81 at a = 0.01 with 6 degrees of
freedom, providing highly significant evidence of an association between shift and defect type.
However, the omnibus test identifies only that an association exists — standardized residual analysis or
post-hoc pairwise comparisons are needed to pinpoint which specific shift-defect combinations are
driving the result.

23. A — For a safety-critical characteristic with a tight 0.020 mm tolerance, Instrument A's 7.5% GRR
is below the 10% full-acceptance threshold and provides reliable measurement decisions. However, the
question asks about the most appropriate analysis — both instruments are below thresholds, but the
safety-critical nature warrants the lower GRR. Let me reconsider per the answer key.

23. D — For a safety-critical characteristic with a 0.020 mm tolerance, Instrument B's 3.2% GRR
provides substantially more reliable accept/reject decisions than Instrument A's 7.5%. The reduced
misclassification risk near specification limits — where safety-critical decisions are made — justifies
the additional investment in the laser interferometer.

24.B—K=DxLx(1+S)/C =800 % 0.25 x 1.15 / 40 = 230/40 = 5.75, rounded up to 6 kanban cards.
Each card authorizes one container of 40 units. The 15% safety factor provides buffer against variation
in demand rate and replenishment lead time, preventing stockouts during above-average demand or
delayed replenishment.

25. D — Cp = 2.0 means the process spread (6c) is only half the specification tolerance — excellent
inherent capability. But Cpk = 0.8 means the nearest specification limit is only 2.4c from the mean. This
dramatic gap can only be caused by severe off-centering — the process mean has shifted far from the
specification midpoint, wasting the narrow spread's potential.



26. C — The organization must evaluate the impact of external standard revisions on internal
procedures, determine whether procedure changes are needed, update the welding procedure if
necessary, and retrain affected personnel. Referenced standards are part of the document control system
— when they change, the downstream impact on internal documents must be assessed and managed.

27. B — An attributes agreement analysis evaluates inspector consistency for binary pass/fail
classifications by having multiple inspectors classify the same parts multiple times. Agreement with
each other (inter-rater reliability) and with a reference standard (accuracy) are assessed. This method is
specifically designed for attribute measurement systems where continuous-data Gage R&R cannot be
applied.

28. A — CPU = (260-252)/(3%2.8) = 8/8.4 = 0.95. CPL = (252-240)/(3%2.8) = 12/8.4 = 1.43. Cpk =
min(0.95, 1.43) = 0.95, limited by the upper specification. The deliberate 2 mg overfill provides
excellent protection against regulatory underfill violations (CPL = 1.43) but constrains the upper side,
making the process marginally incapable at the USL.

29. D — The fault tree calculates: P(inadequate lubrication) = P(degradation) x P(monitoring failure) =
0.02 x 0.005 = 0.0001 through the AND gate. P(top event) = P(inadequate lubrication) + P(excessive
loading) = 0.0001 + 0.01 = 0.0101 through the OR gate. The AND gate dramatically reduces the
lubrication-related probability, while the OR gate combines both independent failure paths.

30. B — Forming subgroups by taking one part from each of the four cavities per shot captures cavity-
to-cavity variation within the subgroup. This variation appears on the R chart, making individual cavity
problems visible and detectable. If subgroups used consecutive shots from a single cavity, between-
cavity variation would be invisible within subgroups.

31. C — With 70% of COQ in failure categories (43% internal + 27% external) and only 7% in
prevention, the organization is overwhelmingly reactive. Significantly increasing prevention investment
in quality planning, error-proofing, DOE, and training is expected to produce a 3-5x return through
disproportionately larger reductions in the dominant failure costs.

32. A — The bimodal distribution indicates two distinct process populations that should be identified
and separated. The combined Cpk of 1.10 obscures the fact that one population may be highly capable
while the other may be severely incapable. Analyzing each population separately reveals the true
capability picture and directs improvement to the incapable source.



33. D — When residual risk cannot be reduced below the tolerance threshold, it must be formally
documented with management acceptance, monitored through defined indicators, and supported by
contingency plans. Periodic reviews should reassess whether new treatment options have become
available. Formal acceptance with monitoring is fundamentally different from ignoring the risk.

34. B — The sustained upward shift (points 11-20) followed by an abrupt return (points 21-25) is
characteristic of an assignable cause that was present temporarily and then corrected or self-corrected.
Chemical bath concentration drift with subsequent replenishment, temperature controller excursion with
recalibration, or a material lot change reverting to the original are common explanations.

35. A — The 95% confidence interval for the mean difference (-0.08, 0.38) includes zero, indicating no
statistically significant systematic bias. The maximum likely bias (0.38 units) is less than 4% of the
10.0-unit specification tolerance, confirming that the methods are practically equivalent. The quality
engineer can confidently adopt the new method.

36. C — Without defined response roles, escalation timelines, and expected actions for each signal level,
andon signals become ignored alerts. Defining specific accountability — team leader responds to yellow
within 2 minutes, supervisor and maintenance respond to red within 5 minutes with production stop —
creates the management infrastructure that makes the visual system actionable.

37. B — § =45.0 + 0.12(800) - 2.5(10) + 0.008(800)(10) = 45.0 + 96.0 - 25.0 + 64.0 = 180.0. The
significant interaction term (+64.0) contributes substantially to the predicted value, demonstrating that
the combined effect of temperature and time differs markedly from the sum of their individual main
effects. The quality engineer should verify this falls within the experimental data range.

38. D — For safety-critical measurements, any overdue calibration means the instrument's accuracy is
unverified. Products measured with overdue instruments may have been incorrectly accepted or rejected.
An 8% overdue rate means roughly 1 in 12 instruments is operating without verified accuracy at any
time — unacceptable for safety-critical applications requiring impact assessment for every overdue
instrument.

39. C — An automated vision system combined with weight verification provides multi-layered poka-
yoke protection: the vision system verifies tablet appearance and color against the bottle label barcode,
while the weight system confirms the net weight matches the expected dosage. Any mismatch triggers
automatic rejection before capping, eliminating dependence on operator judgment.



40. A — The process was validated at 850°C minimum, not 830°C. The 20°C shortfall places the actual
temperature outside the validated range, and the validation provides no evidence that the process
produces conforming output at 830°C. The affected product cannot be assumed conforming and must be
evaluated through direct testing or engineering analysis before disposition.

41. B — The false alarm rate for 3-sigma control limits is 0.27% per subgroup — approximately 1 in
370 subgroups. While a false alarm is possible, the quality engineer should investigate before dismissing
the signal because the cost of investigating a false alarm (wasted time) is typically far less than the cost
of missing a real process shift (nonconforming product reaching customers).

42. D — PCE = 55 minutes / (15 days x 8 hours/day x 60 minutes/hour) = 55/7,200 = 0.76%. Over 99%
of lead time is consumed by non-value-added activities — waiting in queues, sitting in inventory, being
transported, and other waste. This extremely low efficiency reveals enormous opportunity for lead time
reduction through lean waste elimination.

43. C — A single-function FMEA lacks the diverse perspectives needed for comprehensive risk
identification. Manufacturing identifies process-related failures the design team would miss, quality
identifies detection gaps, service identifies field failure patterns, procurement identifies material risks,
and customer input validates use-case assumptions. No single function possesses complete knowledge.

44. A — For significantly right-skewed data (Anderson-Darling p = 0.001), the symmetric 3-sigma I-
MR limits produce asymmetric risk. The upper limit is too close to the data center for the skewed
distribution (causing false alarms on high values that are actually normal for this distribution), while the
lower limit is too far from center (missing low-side shifts). Transformation or distribution-specific limits
are needed.

45. B — Four recurrences after four rounds of retraining definitively proves that individual operator
error is a symptom, not the root cause. The systemic factors that create the error opportunity — stencil
condition, paste deposition system maintenance, process parameter drift, absence of error-proofing —
remain unaddressed. Each retraining temporarily reminds operators but does not change the system.

46. D — F(5000) = 1 - e”(-5000/50000) = 1 - e"(-0.10) = 1 - 0.905 = 0.095 or approximately 9.5%. The
exponential model provides a slightly more accurate estimate than the linear approximation (10.0%)
because the exponential function curves below the linear extrapolation. For relatively short warranty
periods compared to MTTF, the linear approximation is close but slightly overstates the failure rate.



47. A — Available time = 480 - 30 = 450 min. Availability = (450-45)/450 = 405/450 = 0.900.
Performance = (240x1.5)/405 = 360/405 = 0.889. Quality = (240-8)/240 = 232/240 = 0.967. OEE =
0.900 x 0.889 x 0.967 = 0.773 or 77.3%. Each component independently captures one type of loss —
downtime, speed, and quality.

48. C — Despite acceptable overall %GRR (9.2%) and ndc (8), the significant operator x part
interaction reveals that specific operators measure specific parts differently. This inconsistency may not
affect aggregate metrics but creates unreliable individual measurements for certain part characteristics.
Investigation should identify which part features trigger operator-dependent variation and standardize
the procedure.

49. D — The 1.0% quality level with ~95% acceptance probability approximates the AQL — the quality
level the plan is designed to accept routinely with low producer's risk (~5%). The 5.0% level with ~10%
acceptance probability approximates the LTPD — the quality level the plan is designed to reject with
low consumer's risk (~10%). These two points define the plan's discrimination characteristics.

50. B — Risk-based prioritization considers severity, recurrence likelihood, number of affected
customers/products, and safety/regulatory implications. Safety-critical corrective actions receive top
priority regardless of age. Customer-affecting issues receive next priority. Internal efficiency
improvements receive lower priority. This approach maximizes quality protection from limited
resources.

51. A — Since Factor B does not significantly affect the response and has no significant interactions
with other factors, it can be treated as a "free variable.”" Setting it to the level that optimizes non-quality
objectives — lowest cost, fastest throughput, easiest to maintain — maximizes overall process
efficiency without sacrificing product quality.

52. C — 1SO 9001:2015 Clause 6.1 requires determining risks and opportunities that could affect the
QMS's ability to achieve intended results. This encompasses organizational risks (key personnel
dependencies, IT vulnerabilities), strategic risks (regulatory changes, market shifts), and systemic risks
(resource constraints, competency gaps) — not just product and process risks covered by FMEA.

53. D — Before: R_sys = 0.995 x 0.998 x 0.990 = 0.983. After adding redundant sensor: sensor
subsystem = 1-(1-0.995)2 = 1-0.000025 = 0.999975. New system: 0.999975 x 0.998 x 0.990 = 0.988.
The redundant sensor improves the weakest subsystem from 0.995 to 0.999975, which flows through to
improve overall series system reliability from 0.983 to 0.988.



54. B — After moving all external activities (tool retrieval, die preparation, paperwork) to occur during
the previous job's production run, only the internal activities remain as the machine-stopped changeover
time. The 50 minutes of internal setup — die removal, installation, and alignment that genuinely require
the machine to be stopped — becomes the new changeover duration.

55. A — Z = (59.2 - 58.0)/(2.5/N25) = 1.2/0.50 = 2.40. For a one-sided test at a = 0.05, the critical Z-
value is 1.645. Since 2.40 > 1.645, reject Ho. There is statistically significant evidence that the new heat
treatment process produces higher hardness than the current process mean of 58.0 HRC.

56. D — Positive autocorrelation causes consecutive observations to follow similar trajectories —
creating natural runs and trends that would be rare under independence. Standard control charts assume
independent data, so these correlated patterns trigger run rules and zone tests far more frequently than
the expected 0.27% false alarm rate, producing excessive false signals.

57. C — In Resolution IV (I = ABCD), BC is aliased with AD. Process knowledge is the first resort —
if engineering judgment strongly favors one interaction, that interpretation may be accepted. If
ambiguity remains, a fold-over experiment adding the complementary 8 runs creates the full 2* factorial,
cleanly separating all two-factor interactions.

58. B The redesign was triggered by field failures — the product was delivered, failed in the
customer's environment, and the resulting engineering effort is a direct consequence of the external
quality failure. External failure costs include all costs arising from product failures after delivery,
including investigation, redesign, re-verification, and field corrective actions.

59. A — ISO 9001:2015 Clause 9.3.3 requires that management review outputs include specific
decisions and actions related to improvement opportunities, QMS changes, and resource needs. Vague
continuation statements like "maintain current efforts™ fail to produce the actionable outputs that drive
quality improvement — they document discussion without producing decisions.

60. D — The large discrepancy between Pearson r (0.15) and Spearman p (0.72) indicates a strong
monotonic but nonlinear relationship. Pearson captures only linear association and dramatically
understates the true relationship. Spearman captures any consistent directional trend regardless of
linearity. The variables move together reliably but not in a straight-line pattern.

61. C — Three consecutive within-tolerance calibrations provide preliminary evidence of stability but
are insufficient for confidently extending the interval. Most calibration interval adjustment methods



recommend 5-7 data points to establish a reliable trend. The quality engineer should continue at 12
months and accumulate additional calibration history before extending.

62. B — Stratification on the X-bar chart — all points clustering near the center line with none
approaching the control limits — typically results from within-subgroup variation being inflated by
mixing data from multiple process streams. Different machines, cavities, or operators with different
means within each subgroup produce artificially wide control limits that compress all averages toward
the grand mean.

63. A — For a centered process with Cpk = 1.33, the specification limits are at +4c from the mean. The
area beyond +4c in a normal distribution is approximately 63 ppm total from both tails combined
(approximately 32 ppm per tail). This represents excellent quality performance with very few
nonconforming parts expected.

64. D — A medical device that performs technically but is confusing or error-prone may cause harm
through use errors. Usability evaluation with representative users identifies design features that could
lead to misuse, incorrect operation, or delayed response in clinical situations. Technical performance
testing alone cannot reveal these human-interface risks.

65. C — Replication provides an independent estimate of pure error through within-treatment variation.
This enables formal F-tests for significance of all effects through standard ANOVA. Without
replication, the unreplicated design has no independent error estimate and must rely on the normal
probability plot method for identifying significant effects.

66. B — New processes with limited production history carry higher uncertainty than established
processes. The automated soldering system may have undiscovered failure modes, control gaps, or
maintenance requirements. Quarterly auditing during the first year provides additional monitoring while
the process builds a performance track record, after which frequency can be adjusted based on
demonstrated stability.

67. D — Applying identical severity ratings to vastly different consequence levels distorts risk
prioritization. A functional failure on a patient monitor (potential patient harm) has fundamentally
different consequences than a cosmetic defect on a remote control. Product-specific rating scales with
context-appropriate definitions ensure FMEA accurately reflects each product type's true risk profile.



68. A — The B10 life of 45,000 miles means 10% of units fail by 45,000 miles. Since the warranty
covers 36,000 miles — less than the B10 life — somewhat fewer than 10% are expected to fail during
the warranty period. The exact warranty failure percentage requires calculation using the fitted Weibull
distribution at 36,000 miles.

69. C — Redesigning the label to include an asymmetric feature (notch, color bar, directional arrow)
makes correct and incorrect orientations visually distinct, eliminating the ambiguity that causes the
error. This addresses the root cause (symmetric label design) directly, rather than relying on operator
memory (retraining), detection after the fact (inspection), or supervision.

70. B — The data is Type | (time) censored — all units were tested for a fixed time (5,000 hours), and
the 25 surviving units are right-censored observations. They contribute the information "survived at least
5,000 hours without failing." Maximum likelihood estimation properly accounts for these censored
observations; excluding them underestimates MTBF while treating them as failures overestimates the
failure rate.

71. D — Monthly defect cost = 85 x 15 = $1,275. At 95% elimination: monthly savings = $1,275 x 0.95
= $1,211.25. Payback = $8,500 / $1,211.25 = 7.0 months. The poka-yoke device pays for itself in
approximately 7 months through eliminated defect costs, then continues generating $14,535 in annual
savings for its entire operational life.

72. A— CPU = (USL - x)/(36) = (1.6 - 0.85)/(3 x 0.18) = 0.75/0.54 = 1.39. The process mean is 4.17
standard deviations from the upper specification limit (0.75/0.18 = 4.17c), providing excellent margin.
For one-sided specifications where lower values are always better, only CPU is calculated since there is
no lower limit to evaluate.

73. C — At MMC, the pin is at its largest diameter (8.00 mm), and the stated position tolerance is 0.20
mm. The actual pin (7.97 mm) has departed 0.03 mm from MMC (8.00 - 7.97 = 0.03). Bonus tolerance
= 0.03 mm. Total positional tolerance = 0.20 + 0.03 = 0.23 mm. The smaller pin has more clearance
with the mating hole, allowing greater positional deviation.

74. B — High machine utilization optimizes individual equipment but creates system-level waste —
large batches generate excess WIP, long lead times, delayed defect detection, and reduced flexibility.
Lean focuses on total system efficiency rather than individual equipment metrics. Data showing that
flow-based production reduces total cost (including inventory, lead time, and quality costs) makes the
case.



75. D — The full economic analysis includes: sorting cost ($75K/year), scrap/rework cost for the ~2%
nonconforming product (10,000 units x cost per defective), lost capacity consumed by the sort
operation, overtime costs, hidden factory costs, and customer dissatisfaction risk from potential escapes.
The total annual cost of operating at Cpk = 0.78 likely far exceeds the $120,000 improvement
investment.

76. A — Significant effects are A (p=0.001), C (p=0.002), and AC (p=0.004). Both parents (A and C) of
the significant interaction (AC) are already individually significant, so the hierarchy principle is
automatically satisfied. Non-significant factors B and D and all their interactions are excluded. The
model includes A, C, and AC — a clean, parsimonious model.

77. D — A comprehensive supplier evaluation spans four dimensions: Quality (defect rates, capability
data, CAPA responsiveness), Delivery (on-time performance, lead time consistency), Cost (price
competitiveness, total cost of quality), and Service (communication, flexibility, technical support).
These together capture the supplier's total value contribution and risk profile.

78. B — Remove subgroups 8 and 19 (both with identified, corrected assignable causes), recalculate
limits from the remaining 23 in-control subgroups, and verify all remaining points fall within the revised
limits. If additional points exceed the new narrower limits, investigate and iterate. This establishes limits
representing the process under normal, stable conditions.

79. C — At 30 parts per hour, approximately 30 parts are produced between hourly SPC checks. If the
process shifts immediately after a measurement, up to 30 parts are produced under shifted conditions
before the next check. Even with likely detection at the next subgroup (ARL for 2c shift = 2), the first
check may not signal, potentially extending exposure to 60 parts.

80. A — Supplier quality index and process capability trends are leading indicators that predict future
quality performance. They show whether input quality and process health are stable or deteriorating
before problems manifest as customer complaints or defect rate increases. Adding them complements
the lagging indicators (complaints, defects, COQ) already on the dashboard.

81l. B — With 6 = 0.015 mm and measurement resolution of 0.001 mm, the probability of five
consecutive measurements being identical is astronomically small. This pattern strongly suggests data
fabrication (recording the target rather than actual readings), a frozen instrument stuck at one reading, or
a measurement system malfunction. Immediate investigation is required.



82. D — The quality engineer should evaluate whether the organization maintained post-market
surveillance that should have detected the emerging failure mode, whether the design should have been
updated as new information became available, and whether there was a duty to warn users. Product
safety obligations extend beyond the time of manufacture to include ongoing vigilance.

83. C — A Severity of 10 (loss of braking — safety hazard) mandates high priority under the Action
Priority method regardless of the RPN. Catastrophic safety failures require verification that prevention
and detection controls are genuinely effective for this specific mechanism. The temperature warning
light and brake monitoring must be verified as reliable under the specific mountain-descent operating
conditions.

84. A — 48 seconds of walking per 180-second takt time = 26.7% consumed by non-value-added
motion waste. Relocating component bins to point-of-use at the assembly bench eliminates the walking
entirely, reclaiming 26.7% of the cycle for value-added work. This improvement may enable the
workstation to accommodate additional tasks or achieve a shorter cycle time.

85. B — Testing only at rated (nominal) conditions does not validate performance at boundary
conditions — maximum pressure, maximum temperature, maximum flow, and combinations of
extremes. Production pumps may encounter off-normal conditions including dry running, rapid cycling,
and startup/shutdown transients that nominal-only testing cannot evaluate.

86. D — Good units = 10,000 x 0.99 = 9,900. Falsely rejected good units = 9,900 x 0.035 = 346.5 = 347
per day. Defective units = 10,000 x 0.01 = 100. Escaped defectives = 100 x 0.002 = 0.2 per day. The
3.5% false rejection rate creates significant unnecessary scrap/rework of good product, while the 0.2%
false acceptance rate provides excellent customer protection.

87. A — Adding a mandatory first-piece inspection and verified offset entry step to the tool change
procedure creates a systemic prevention mechanism. The procedure requires: measure the new tool,
calculate and enter the offset, run a first piece, measure the first piece against the drawing, and document
verification before production begins. This applies to all tool changes by all operators.

88. C — For significantly non-normal (right-skewed) data, the standard Cpk formula produces
unreliable results. A Box-Cox transformation achieves approximate normality, the specification limits
are transformed using the same function, and Cpk is calculated on the transformed scale. This approach
preserves the mathematical validity of the capability index while accommodating the non-normal
distribution.



89. B — ISO 9001:2015 requires management review "at planned intervals” without specifying
frequency. The adequacy of annual review depends on organizational context — rapidly changing
environments, significant quality challenges, or dynamic markets may require more frequent reviews.
The quality engineer should assess whether the annual interval creates gaps in management decision-
making.

90. D — Temporal variation at 60% is the dominant contributor. Investigating what changes during the
shift — thermal expansion as equipment warms up, tool wear progressively increasing dimensions,
coolant temperature rising, or material lot transitions — identifies the specific mechanism. Addressing
the dominant variation source produces the maximum reduction in overall dimensional variation.

91. A — Bond strength testing at room temperature provides no evidence of performance at operating
temperature extremes. Adhesive properties change significantly with temperature — becoming brittle at
-40°C and potentially softening at +85°C. The validation must include testing at both temperature
extremes to verify the bonded assembly performs acceptably across its entire operating range.

92. C — When one engineering characteristic has strong relationships with the majority of the highest-
priority customer requirements, it should receive the highest engineering priority. Material tensile
strength significantly influences what customers care about most, making it the key design parameter
that drives customer satisfaction and should receive concentrated engineering resources.

93. B — The Z-statistic of -2.21 with p=0.027 < a. = 0.05 provides statistically significant evidence that
the night shift has a higher defect rate (5.07% vs. 2.75%). The quality engineer should investigate root
causes of the between-shift difference — staffing levels, supervision quality, lighting conditions,
training, fatigue, or equipment maintenance differences.

94. D — Two distinct failure populations exist: early failures (1 = 0.6) represent infant mortality from
manufacturing defects addressable through screening or burn-in, while later failures (P = 2.8) represent
wear-out from cumulative degradation addressable through design improvement or preventive
maintenance. A mixed-Weibull model characterizes each population for targeted quality strategies.

95. A — When the number of defectives (3) equals the acceptance number (c = 3), the lot is accepted.
The acceptance rule is: accept if defectives < ¢, reject if defectives > r (where r = ¢ + 1 = 4). Three
nonconforming units meets the acceptance criterion. Note that the AQL percentage is not directly
compared to the sample defect rate for individual lot disposition.



96. C — Complaint-driven project selection is reactive and may miss the most costly problems. High-
cost internal failures (scrap, rework) may generate few complaints, while frequent low-cost complaints
may consume improvement resources with minimal financial return. A comprehensive approach using
total quality cost analysis, capability trending, benchmarking, and complaint data together optimizes
improvement ROI.

97. B — Reference masters can degrade through handling wear, corrosion, environmental exposure, and
accidental damage. If the masters have drifted from their certified values over 8 years, every calibration
performed against them has potentially introduced systematic bias into the comparator's measurements.
Periodic reverification against higher-level standards is essential to maintain the traceability chain.

98. D — Cp is unaffected by the shift because it measures only process spread relative to the
specification (independent of centering). Cpk decreases because the process mean has moved 1.5¢ closer
to one specification limit. The Cpk reduction is approximately 1.56/3c = 0.50 on the near side —
potentially moving the process from capable to incapable depending on the original Cpk value.

99. C — A 3x3 matrix with only 9 cells provides limited granularity — very different risk profiles may
receive identical ratings, preventing meaningful prioritization. For medical devices requiring nuanced
risk decisions, a 5x5 or finer matrix provides better discrimination, allowing the organization to
distinguish between moderate and severe risks that a coarser matrix would lump together.

100. A — SPC without timely response provides zero quality protection. Charts reviewed days after
signals occur allow the process to produce nonconforming output for the entire delay period — precisely
the situation SPC is designed to prevent. Real-time detection requires real-time response; the three
current out-of-control signals represent 2-4 days of potentially nonconforming production already
shipped or in process.

101. D — Resolution 1V means main effects are aliased only with three-factor and higher interactions
(assumed negligible), so main effects are estimated cleanly. However, two-factor interactions are
confounded with other two-factor interactions and cannot be individually separated. Process knowledge
or follow-up experimentation is needed to determine which aliased interaction is the true driver.

102. B — SMED targets the 45-minute color changeover directly — reducing it enables more frequent
color changes and smaller production batches for each color. Smaller batches reduce the WIP buffers
that accumulate when one color is run for extended periods before switching. The paint booth can serve
all three lines more frequently with shorter changeovers.



103. A — Absence of field reports does not confirm absence of failure — the failure mode may have
been misdiagnosed, masked by other failures, unreported by customers, or simply not yet manifested.
Detection = 10 signals a genuine gap in the organization's ability to find this failure before the customer
does. The FMEA should drive implementation of appropriate prevention or detection controls.

104. C — The two outliers from documented material contamination (identified assignable cause,
corrected) should be removed because they represent special cause variation no longer present. The
unexplained outlier should be retained — removing data without a documented, verified assignable
cause risks excluding legitimate process behavior that the capability study should capture.

105. D — Cross-functional supplier development selection ensures improvement resources target
suppliers where the impact is greatest across all business dimensions. Quality alone may prioritize based
on defect rates, but engineering identifies technical capability gaps, purchasing identifies strategic
supply risks, and production identifies delivery constraints — each perspective reveals different
priorities.

106. B — Reproducibility (12.5%) dominates repeatability (3.8%) by a factor of more than 3:1,
identifying operator-related variation as the primary measurement system problem. Standardizing the
measurement procedure, improving fixturing to eliminate operator-dependent positioning, and providing
training on consistent technique directly address the dominant variation source for maximum
improvement.

107. C — Leading indicators (supplier financial health, capacity utilization trends, inventory versus
safety stock, geopolitical monitoring) provide predictive early warning before disruption occurs.
Lagging indicators (delivery performance, quality rejections, disruption events) confirm whether
disruption has materialized. Together they enable both proactive intervention and outcome tracking for
this critical single-source risk.

108. A — Color coding alone fails multiple user scenarios: color-blind users (8% of males), poor
lighting conditions, stressed or distracted users, and users who ignore labels. Uniquely shaped
connectors that physically prevent incorrect connections provide inherently safe design — the correct
connection is the only possible connection regardless of user ability, attention, or environmental
conditions.

109. D — The OC curve shows the plan's discrimination: at 1.0% defective, 95% acceptance (protecting
the producer); at 5.0% defective, only 10% acceptance (protecting the consumer). The transition zone



between 1-5% quality is where the plan's decision power concentrates. This information helps
management understand both the plan's protection capability and its inherent limitations.

110. C — Insufficient measurement resolution creates artificial patterns in the data. Identical
consecutive values produce zero moving ranges, while values differing by one resolution increment
produce large ranges. This granularity creates a bimodal MR distribution that distorts control limit
calculations and masks real process behavior behind measurement artifacts.

111. B — Four retraining events across three different operators — with the original operator failing
again — definitively proves the root cause is systemic. The assembly design, work instructions,
fixturing, or workplace layout enables the error regardless of which operator is working. Only system-
level changes (error-proofing, design modification, fixturing) can prevent recurrence.

112. A — Testing only diagonal corners (low/low, nominal/nominal, high/high) misses the off-diagonal
combinations — low pressure/high temperature and high pressure/low temperature. These mixed-
extreme combinations may produce different results due to interaction effects between the parameters.
The validation provides no assurance at these untested boundary conditions.

113. C — Cost-per-failure analysis often reveals different priorities than frequency-based Pareto. If
connector failures average $15 each (total cost: 42% x volume x $15) but capacitor degradation
averages $250 each (22% x volume x $250), the cost-based prioritization may make capacitor
degradation the higher-value improvement target despite its lower frequency.

114. D — Risk-based calibration intervals consider usage frequency, measurement criticality, instrument
stability history, and the consequence of measurement error. A torque wrench used 50 times daily on
safety-critical fasteners requires much shorter intervals than a ruler used weekly for non-critical
measurements. This optimization balances measurement reliability against calibration cost.

115. B — The upward R chart trend indicates growing within-subgroup variation from progressive
causes like tool wear, loosening fixtures, or degrading material consistency. This must be addressed first
because X-bar chart control limits are calculated from R — if variability is increasing, the current X-bar
limits may be too narrow or too wide, potentially masking real mean shifts or generating false alarms.

116. A — Under ANSI/ASQ Z1.4 switching rules, five consecutive lots must be accepted under
tightened inspection before the organization can return to normal inspection. This requirement ensures



that the supplier has demonstrated sustained quality improvement — not just a single good lot — before
the inspection intensity is relaxed.

117. C — Since Factors B and D do not significantly affect the response (p > 0.25) and have no
significant interactions with other factors, they are "free variables" that can be set to optimize non-
quality objectives — cost, throughput, environmental impact, or operational convenience — without any
degradation of product quality. This maximizes overall process optimization.

118. D — Statistical tolerance analysis requires that component dimensions be independently
manufactured, approximately normally distributed, and centered within their tolerances. If dimensions
are systematically biased or if the assembly has very few components (reducing the statistical averaging
effect), the normal-distribution assumptions may not hold and the RSS method may underestimate the
true assembly variation.

119. B — Zero findings across 12 processes is statistically improbable for any real quality system. The
quality engineer should examine whether audit criteria were sufficiently challenging, whether auditors
probed beyond surface compliance, whether the scope covered high-risk areas, and whether audit
duration allowed meaningful assessment. Clean audits may indicate insufficient rigor rather than a
perfect system.

120. C — Management review costs — attendee time, data preparation, facilities — are prevention
costs. Management review is a proactive quality management activity that evaluates QMS effectiveness,
identifies improvement opportunities, allocates resources, and makes decisions to prevent future quality
problems. This forward-looking, decision-making function is inherently preventive.

121. D — The decision requires risk assessment: production volume during the 2-hour gap (parts at
risk), consequences of an undetected shift, historical stability record, and whether the Cpk = 1.50 margin
provides sufficient buffer for potential shifts. Neither automatic approval nor categorical rejection is
appropriate — the decision must be evidence-based and proportionate to the specific risk.

122. D — Three identical retraining corrective actions for the same recurring problem prove the root
cause is systemic. The quality engineer should reject this response and require the supplier to investigate
why operators don't follow the procedure — unclear instructions, inadequate error-proofing, impractical
requirements, or conflicting priorities — and implement system-level changes.



123. B — The bias systematically transitions from +0.002 (positive) at the low end to -0.008 (negative)
at the high end — a total span of 0.010 mm across the range. This indicates a linearity problem where a
single bias correction cannot compensate across the full range because the needed correction changes
with the measurement level.

124. C — Awvailability (82%) represents the largest single gap from 100%. The 18% availability loss
from unplanned downtime likely contains the greatest absolute improvement opportunity. Addressing
downtime causes through preventive maintenance, SMED for changeover reduction, and reliability
improvement would produce the largest OEE increase per unit of improvement effort.

125. A — Uploading revised procedures without notifying affected personnel creates a dangerous gap
— employees may continue following outdated practices despite the current version being available.
Effective document control requires both making the current version accessible AND proactively
communicating changes to affected personnel to ensure awareness and compliance.

126. D — High measurement error (35% of response variation) increases noise in the experiment,
reducing statistical power to detect real factor effects. Truly significant effects may appear non-
significant because the measurement noise masks them. The quality engineer should improve the
measurement system or increase replication to compensate for the noise.

127. B — The supplier change (different sterilizing agent), equipment modification (new heating
element), and customer complaints (quality signals) collectively create compelling justification for
immediate revalidation. Waiting another year under the calendar schedule risks continued production
under potentially invalid conditions that are already generating customer quality concerns.

128. C — Even though output remains within specification, the sustained upward shift reduces the
margin to the upper specification limit. The quality engineer should determine whether the material
change is permanent, whether the shift will persist or worsen, and whether process adjustment is needed
to recenter the mean and restore the full specification margin for long-term quality protection.

129. A — For safety-critical titanium aerospace fasteners, certification alone does not verify specific
manufacturing capability. A comprehensive on-site audit covering quality system implementation,
process capability for specific characteristics, raw material traceability, special process controls,
measurement systems, and personnel competency provides the thorough initial assessment that safety-
critical components demand.



130. D — B10 = 1 x (-In(0.90))*(1/B) = 40,000 x (0.1054)\(1/3.5) = 40,000 x (0.1054)"(0.286) ~
40,000 x 0.463 = 18,520 hours. This is the operating time by which 10% of bearings are expected to
have failed. The B10 life is a key maintenance planning metric that balances replacement cost against
the risk of in-service failure.

131. C — First-hour production often represents the best-controlled period — fresh setup, target
materials, peak operator attention. As the 8-hour batch progresses, tablet weight may drift from powder
segregation, moisture changes, compression force drift, or hopper depletion effects. The first-hour Cpk
of 1.65 likely overstates the true batch-wide capability.

132. B — Redesigning the spring or its seat to be asymmetric makes installation in the wrong orientation
physically impossible. This inherently safe design eliminates the error at its source regardless of
operator attention, skill, or fatigue level. It is fundamentally more reliable than any detection method
(visual inspection, force testing, second-operator verification).

133. A— The 0.5 mm difference is statistically significant (p = 0.03) but represents only 5% of the 10.0
mm tolerance. The quality engineer must evaluate whether this magnitude of difference has meaningful
impact on product quality or customer requirements. Statistical significance confirms the difference is
real; practical significance determines whether it matters enough to act upon.

134. D — With only 5 parts, the study may not capture the full production variation range. If parts
cluster near the nominal, the part-to-part variation is understated, inflating the %GRR percentage and
depressing the ndc value. This produces an overly pessimistic assessment of a measurement system that
would perform adequately across the full production range with properly selected parts.

135. C — Effective design reviews require structured evaluation against requirements, cross-functional
participation, formal action item tracking, and verified closure. The current presentation format lacks all
of these elements — no systematic assessment, no manufacturing/quality/service input, no tracked
action items, and no closure verification. Transformation from presentation to structured evaluation is
needed.

136. B — An effective production status board includes hourly plan-versus-actual (immediate shortfall
identification), quality  metrics  (defect count, first-pass  vyield), equipment status
(running/down/changeover), active quality alerts, and responsible personnel — all presented with
intuitive color coding visible from the cell entrance. This enables anyone to understand performance at a
glance.



137. A — SPC and capability serve different purposes. Capability describes historical performance; SPC
provides ongoing real-time surveillance. Capability can degrade without warning from tool wear,
material changes, or equipment drift. SPC is the early warning system that detects these changes before
they impact quality. The engineer should evaluate whether frequency can be reduced but not eliminated
entirely.

138. D — Elevated summer temperatures and humidity in the manufacturing environment may affect
process parameters, material properties, or storage conditions in ways that degrade reliability without
triggering in-process specification violations. Adhesive cure rates, solder joint quality, polymer
behavior, and storage-sensitive materials are all temperature and humidity dependent.

139. C — For an isolated first occurrence from a 3-year track record supplier, where the cause is
identified (one-time equipment malfunction), already corrected, and limited to one lot, a simple
correction (rejecting the lot) is appropriate. However, the quality engineer should monitor subsequent
deliveries to confirm the equipment repair was effective and no recurrence develops.

140. B — Since the current settings produce inadequate capability (Cpk = 0.85), centering the
experiment on those settings only characterizes already-known inadequate performance. Shifting factor
ranges to explore new operating territory increases the probability of discovering improved conditions
that achieve the desired capability improvement.

141. D — Risk ratings should only be downgraded after treatment actions are implemented AND their
effectiveness is verified through objective evidence. Downgrading based on planned but unimplemented
actions assumes the plans will work perfectly — a dangerous assumption that can mask persistent high-
risk conditions behind optimistic paperwork.

142. A — The point estimate Cpk = 1.72 has statistical uncertainty. The lower confidence bound may
fall below the customer's 1.67 requirement, meaning the quality engineer cannot state with confidence
that the process meets the minimum. Reporting the confidence interval alongside the point estimate
provides management with the complete picture of capability uncertainty.

143. C — Pull-based scheduling triggers production based on actual customer orders and consumption
signals rather than forecasted demand. This eliminates dependency on forecast accuracy by producing
only what customers have ordered or consumed. The 65% forecast accuracy becomes irrelevant when
production responds to actual demand rather than predicted demand.



144. A — Systematic complaint trend analysis extracts maximum value from complaint data through
Pareto analysis by category, stratification by product/region/time, correlation with production variables,
and root cause pattern identification. This transforms individual incidents into actionable intelligence —
detecting systemic issues and emerging patterns before they become widespread.

145. D — Machine A is already capable (Cpk = 1.45) while Machine B is incapable (Cpk = 0.72) due to
its off-center mean at 50.4 mm. Recentering Machine B toward 50.0 mm would dramatically improve its
individual Cpk and eliminate the bimodality in the combined data, producing the greatest overall quality
improvement with a single focused action.

146. A — Pharmaceutical regulations require additional controls beyond standard document
management: 21 CFR Part 11 compliance for electronic records (electronic signatures, audit trails,
access controls), computer system validation, defined retention periods, and batch-specific
documentation linking each production batch to the specific procedure revisions used during
manufacture.

147. C — Zero failures in a finite test demonstrates that the true MTBF exceeds a calculated lower
bound (43,429 hours at 90% confidence) — not that it is infinite. No finite test can demonstrate infinite
reliability. A larger sample or longer test would increase the lower confidence bound, but the actual
MTBF remains unknown above that bound.

148. B — Systematic alternation between two distinct levels (24.9 and 25.1) indicates two process states
alternating regularly. Common causes include over-adjustment (each correction overshooting),
alternating between two machines or cavities, switching between two operators, or rotating between two
material lots. The regularity of the pattern definitively rules out random variation.

149. A — Annual risk review is likely insufficient given this organization's dynamic risk profile —
rapidly evolving regulations, geopolitically exposed suppliers, and a new product line create conditions
that can change significantly between annual reviews. Quarterly or more frequent reviews with interim
high-priority risk indicator monitoring would provide better protection.

150. B — SPC without timely response provides zero quality protection. The 3-5 day delay between
signal occurrence and investigation means potentially nonconforming output was produced for the entire
delay period. SPC's fundamental purpose is real-time detection followed by immediate response —
delayed response defeats this preventive intent entirely.



151. C — For safety-critical aerospace fasteners, SPC data submission demonstrates the supplier's
process is in control and capable, while receiving inspection independently verifies product
conformance. This dual-verification approach provides both process-level confidence (the supplier's
manufacturing is stable and capable) and product-level confidence (the specific lot conforms).

152. B — The Arrhenius model assumes the failure mechanism at accelerated temperatures is the same
as at normal operating temperature. If elevated temperature activates different degradation physics (a
different failure mode), the acceleration model predicts the wrong failure rate for normal conditions.
Mechanism equivalence is the most critical assumption underlying any accelerated life test.

153. A — Automated lot number transfer from the production scheduling system to the label printer
eliminates manual data entry entirely, removing the human error source. If manual entry must be
retained, barcode scanning verification cross-referencing the entered number against the production
order provides a secondary prevention mechanism.

154. D — The calculated F (2.45) does not exceed the critical F (2.87) at o = 0.05. There is insufficient
evidence to conclude that the batch means differ — the observed variation between batches is consistent
with what would be expected from normal random sampling variation. The quality engineer should
accept that no significant batch-to-batch difference has been demonstrated.

155. C — The 17-percentage-point gap between FPY (85%) and RTY (68%) reveals the hidden factory
— products being reworked at multiple stages. While 85% eventually pass final inspection, only 68%
pass all six operations without any defect or rework. The gap quantifies the rework burden that FPY
alone conceals, representing significant hidden cost and capacity consumption.

156. B — Using within-subgroup o (typically smaller because it excludes between-subgroup variation)
instead of overall ¢ in the Cpk calculation produces an artificially inflated capability index. The reported
Cpk of 1.85 overstates the true long-term process performance because the between-subgroup variation
— from shifts, trends, and other instabilities — is not captured.

157. A — Combined standard uncertainty = V(0.0032 + 0.0022 + 0.004> + 0.0012) = V(0.000009 +
0.000004 + 0.000016 + 0.000001) = 70.000030 = 0.00548 mm. Assuming independent sources, RSS
properly combines them. The result (0.00548) is significantly less than the arithmetic sum (0.010)
because independent sources combine quadratically.



158. C — A mixed Weibull model with two separate B and n parameter sets characterizes each failure
population independently. This enables targeted quality strategies — burn-in testing or manufacturing
screening for the infant mortality population, and preventive maintenance or design improvement for the
wear-out population. A single distribution cannot capture this dual-mechanism behavior.

159. A — Without a Gage R&R study, the spectrophotometer's measurement capability relative to the
color tolerance is unknown. If the measurement system contributes excessive variation, accept/reject
decisions become unreliable and SPC data is contaminated by measurement noise. Every measurement
system used for quality decisions — including color measurement — requires capability assessment.

160. B — Process-based auditing traces activities end-to-end across departments and ISO clauses,
evaluating how processes interact as an integrated system. Auditing the "order-to-delivery" process
naturally covers customer communication, design, purchasing, production, inspection, and delivery
requirements while assessing cross-functional effectiveness — impossible with fragmented clause-by-
clause auditing.

161. A — CPU = (50-18)/(3x8) = 32/24 = 1.33. However, particle count data is typically right-skewed
with a natural zero bound, violating the normality assumption. The actual proportion exceeding 50
particles may differ from what the normal-based CPU predicts. Non-parametric methods or Poisson-
based capability assessment may provide more accurate results for count data.

162. C — Since the new material meets specifications but has different processing characteristics, the
most effective approach is adjusting the supplier's process parameters to optimize performance with the
new material. A designed experiment testing key process parameters with the new material would
identify optimal settings that restore quality while maintaining the material change.

163. D — The large fatigue zone (80%) with beach marks originating at the keyway stress concentration
indicates low-stress, high-cycle fatigue. The crack propagated slowly under cyclic loading, consuming
most of the cross-section before sudden final fracture of the remaining 20%. The 80/20 ratio confirms
the applied cyclic stress was relatively low compared to the material's ultimate strength.

164. B — SMED Phase 2 converts internal to external activities, and Phase 3 streamlines remaining
internal operations. The 50-minute adjustment time is addressed through preset methods (standardized
shim heights for die height), locating pins for automatic alignment eliminating trial-and-error
positioning, and quick-release mechanisms replacing time-consuming bolt tightening.



165. A — Testing only at ambient conditions (25°C/50%RH) provides no evidence of performance
across the actual operating envelope. Temperature extremes, humidity cycling, EMI, vibration, and
power quality variations must all be tested because the product will encounter these conditions in
industrial installations. Ambient-only testing leaves critical environmental vulnerabilities unverified.

166. C — Correlation (r = 0.72) shows association but not causation. A designed experiment
deliberately controlling temperature while holding other variables constant confirms whether
temperature actually causes the dimensional change. Implementing compensation for a confounding
variable (such as humidity that correlates with temperature) could introduce unnecessary process
variation.

167. D — The 65-day investigation phase is the clear bottleneck — the 5-day implementation proves the
organization can execute quickly once the cause is found. Streamlining investigation tools, providing
root cause analysis training, establishing priority escalation for high-impact issues, and dedicating
investigation resources would dramatically reduce the total CAPA cycle time.

168. B — Risk-based inspection prioritization: A (safety-critical, new supplier — maximum inspection)
and D (safety-critical, declining quality — intensive inspection with enhanced monitoring) demand the
most rigorous inspection. C (critical, proven Cpk > 2.0 — moderate verification) needs periodic
confirmation. B (non-critical, 50 ppm over 5 years — minimal inspection) needs the least oversight.

169. C — The FMEA should incorporate all accumulated knowledge: 15 customer complaints (actual
failure modes and frequencies), both design revision impacts on existing ratings, facility transfer effects
on occurrence and detection, and any new failure modes from manufacturing experience. This
transforms the stale design-phase document into a living risk management tool reflecting current reality.

170. A — The final model includes Factors A, B, and the AB interaction. Both A and B are individually
significant and are parents of the significant AB interaction, satisfying the hierarchy principle. Factor C
is not significant and has no significant interactions, making it a "free variable™ that can be set based on
non-quality criteria without affecting product quality.

171. D — The retention period should cover the product's expected service life (10 years) plus margin
for potential late-emerging issues — at least 10-11 years. This exceeds all minimums (regulatory 3-year,
warranty 5-year, statute of limitations 6-year) and ensures data availability for trend analysis, liability
defense, and quality investigation throughout the product's complete lifecycle.



172. B A standardized residual of +2.8 (exceeding the 2 significance threshold) in Line C's
"defective” cell identifies Line C as the primary contributor to the significant chi-square result. Line C's
defect rate is significantly higher than expected under the null hypothesis of equal rates. Line C should
be the primary focus of improvement investigation.

173. C — Testing only at nominal conditions provides no assurance at boundary conditions. The
protocol should test all four corner combinations of the validated range: min time/min temp, min
time/max temp, max time/min temp, and max time/max temp. These extreme combinations stress the
process most and reveal whether acceptable bond strength is maintained across the entire operating
window.

174. A — Rather than adding resources, the lean approach distributes inspection elements to the point of
manufacture: dimensional checks at the machining station (operator self-inspection), visual examination
at assembly, and only functional testing retained at final inspection. This reduces final inspection time
below takt time while maintaining comprehensive quality verification.

175. D — 1S0O 9001:2015 Clause 9.3.2 requires consideration of changes in external and internal issues.
Adding forward-looking analysis of emerging risks, anticipated regulatory and standard changes, market
trends, and organizational changes enables management to make proactive decisions that prepare the
QMS for future challenges rather than only reviewing historical performance.



