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S a n di a N ati o n al L a b or at ori es ( S N L) a n d K a ns as Cit y N ati o n al S e c urit y C a m p us ( K C N S C) t o 
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pr o c ess es/st a n d ar ds, a n d t h e m oti v ati o n of o ur c urr e nt w or kf or c e t o us e a p art- c e ntri c/ m o d el -
b as e d d esi g n a n d m a n uf a ct uri n g m et h o d.   
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1.   I N T R O D U C TI O N 

 A er os p a c e a n d d ef e ns e c o m p a ni es ar e r a pi dl y m o vi n g t o a M o d el- B as e d E nt er pris e ( M B E) o n 
t h e pr o mis e t h at it will pr o vi d e a c o m p etiti v e a d v a nt a g e. T h e a xi o m “ b ett er, f ast er, c h e a p er ” is 
li b er all y a p pli e d as t h e b usi n ess m oti v ati o n i n a d o pti n g t his n e w p ar adi g m.  T his st at e m e nt oft e n 
i s f oll o w e d u p b y a n e c d ot al d at a, a P o w er P oi nt pr es e nt ati o n, a n d s o m e h a n d w a vi n g. E arl y i n 
2 0 1 6, T h e N ati o n al I nstit ut e of St a n d ar ds a n d T e c h n ol o g y ( NI S T) r el e as e d t h e r es ults of t h eir 
st u d y t o q u a ntit ati v el y as s ess t h e m erits of  usi n g M o d el - B as e d D efi niti o n i n a r e p ort titl e d   
T esti n g t h e Di git al T hr e a d i n S u p p ort of M o d el- B as e d M a n uf a ct uri n g a n d I ns p e cti o n . T his w as 
t h e first p u blis h e d c o m pr e h e nsi v e st u d y t h at q u a ntifi e d t h e diff er e n c es b et w e e n a dr a wi n g-
c e ntri c a n d m o d el - c e ntri c pr o d u ct d efi niti o n m et h o d f or m a n uf a ct uri n g a n d i ns p e cti o n. T h e 
d esi g n a n d r es ults of t his st u d y b e c a m e t h e c at al yst f or a j oi nt p r oj e ct b et w e e n S a n di a N ati o n al 
L a b or at ori es ( S N L) a n d t h e K a ns as Cit y N ati o n al S e c urit y C a m p us ( K C N S C) .  

T h e M o d el A ut h ori z e d Pr o d u ct R e ali z ati o n ( M A P- R) pr oj e ct w as a c oll a b or ati o n b et w e e n S N L  
a n d  K C N S C  t o a d v a n c e t h e N u cl e ar S e c urit y E nt er pris e’s ( N S E) abilit y t o q u a ntif y t h e 
diff er e n c es b et w e e n t h e c urr e nt dr a wi n g -c e ntri c/ dr a wi n g -b as e d pr o c ess a n d a p art -c e ntri c/ m o d el -
b as e d pr o c ess. I n s h ort, M A P - R i d e ntifi e d t h e k e y b usi n ess b e n efits of t h e p art-c e ntri c m o d el -
b as e d pr o c ess usi n g q u a ntifi a bl e d at a. M A P- R b uilt u p o n t h e p ast b ut l e v er a g e d c urr e nt a d v a n c es 
i n t e c h n ol o g y, pr o c ess es/ st a n d ar ds, a n d t h e m oti v ati o n of o ur c urr e nt w or kf or c e t o us e a p art- 
c e ntri c/ m o d el - b as e d d esi g n a n d m a n uf a ct uri n g m et h o d.  

D esi g n e d t o f oll o w a str u ct ur e d pr o c ess fl o w fr o m d esi g n, t hr o u g h m a n uf a ct uri n g a n d i ns p e cti o n, 
t h e M A P-R pr oj e ct  e x e c ut e d e a c h  pr o c ess f or a c o ntr ol ( dr a wi n g -b as e d) a n d a n e x p eri m e nt al 
( m o d el-b as e d) tr a c k.  All of t h e tr a c ks w er e a n al y z e d i n -c o urs e a n d  p ost h o c t o c o m p ar e a 
m ultit u d e  of d at a it e ms a n d t o i d e ntif y k e y diff er e n c es a n d ar e as of i m pr o v e m e nt. T o d et er mi n e 
t h e diff er e n c es r e g ar di n g h u m a n p erf or m a n c e of t h e t w o m et h o ds (t h e c o ntr ol a n d t h e 
e x p eri m e nt al) , H u m a n F a ct ors E n gi n e eri n g ( H F E) a n al ysis m et h o d ol o gi es w er e a p pli e d t o t h e 
st u d y of e a c h pr o c ess a n d h u m a n i nt er a cti o n wit h t h e r ef er e n c e m at eri als. D at a c oll e ct e d f o c us e d 
o n t as k a n al ysis, sit u ati o n a w ar e n ess, c o g niti v e w or kl o a d, a n d ti m e- t o- c o m pl eti o n. V ari o us 
m et h o d ol o gi es w er e e m pl o y e d s u c h as et h n o gr a p hi c o bs er v ati o n, w h er e H F E a n al ysts o bs er v e d 
t h e d esi g n a n d m a n uf a ct uri n g e n gi n e ers p erf or m t h eir pr es cri b e d t as ks i n sit u, a n d c oll e ct e d t as k 
d at a o n a cti viti es a n d r e c or d e d b e h a vi ors of n ot e.  C o g niti v e w al k-t hr o u g hs w er e us e d t o 
g e n er at e t as k d at a o n a cti viti es t h at c o ul d n ot b e o bs er v e d i n- p ers o n, t hr o u g h d et ail e d i nt er vi e ws 
of t h e t as k p erf or m ers.  W or kl o a d a n al ysis a n d m o d eli n g m et h o ds w er e e m pl o y e d, b as e d o n 
m or e w ell k n o w w or kl o a d l o a d d at a c oll e cti o n a n d m o d eli n g t e c h ni q u es i n cl u di n g t h e 
a p pli c ati o n of t h e N ati o n al A er o n a uti cs a n d S p a c e A d mi nistr ati o n ( N A S A) T as k L o a d I n d e x 
( T L X) ( H art a n d Str a v el a n d, 1 9 8 8) a n d M ulti pl e R es o ur c e t h e or y ( Wi c k e ns a n d Y e h, 1 9 8 6).  
Fi n all y, sit u ati o n a w ar e n ess of t h e p arti ci p a nts w a s ass ess e d b y a p pl yi n g  t h e Sit u ati o n 
A w ar e n ess R ati n g T e c h ni q u e  ( S A R T) ( T a yl or, 1 9 8 9).  T h es e t e c h ni q u es a n d t o ols w er e 
e m pl o y e d t o g at h er d at a t h at w as t h e n a n al y z e d t o c h ar a ct eri z e h u m a n p erf or m a n c e diff er e n c es 
b et w e e n t h e t w o pr o c ess es.  
 
  

https://www.nist.gov/publications/testing-digital-thread-support-model-based-manufacturing-and-inspection
https://www.nist.gov/publications/testing-digital-thread-support-model-based-manufacturing-and-inspection
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T h e pr oj e ct utili z e d e xisti n g I T i nfr astr u ct ur e a n d t o ols f or b ot h t h e dr a wi n g a n d M o d el- b as e d 
D efi niti o n ( M B D). H o w e v er, t o e x e c ut e t h e M D B, n e w pr o c ess es f or d efi ni n g a n d a ut h ori n g a 
p art - d efi ni n g m o d el a n d a d diti o n al tr ai ni n g f or t h e d esi g n er o n h o w t o us e t h e M B D f e at ur es of 
t h e C A D t o ol w er e n e c es s ar y. T h e t e a m d e v el o p e d a n d r el e as e d iss u e A of 9 9 2 5 0 2 0 titl e d ( U) 
I D E N TI FI C A TI O N, P A R T D E FI NI N G M O D E L, 3 D C A D, as t h e m et h o d t o a ut h ori z e a p art- 
d efi ni n g m o d el.  
 
Alt h o u g h t h e r es ults fr o m t h e h u m a n f a ct ors w or kl o a d a n al ysis di d n ot s h o w a si g nifi c a nt o v er all 
ti m e s a vi n gs ( a p pr o xi m at el y 6 h o urs)  as d e pi ct e d i n  Fi g ur e 1- 1 , it di d r e v e al t h at m o d el- b as e d 
t o ols c a n d et e ct d esi g n is s u es t h at c o ul d i n cr e as e m a n uf a ct uri n g c osts a n d d e cr e as e pr o d u ct 
r eli a bilit y err ors e arl y o n i n t h e pr o c ess t h at w er e n ot d et e ct e d  wit h t h e dr a wi n g- b as e d t o ols. 
A d diti o n all y, as d e pi ct e d b el o w, i t als o ill ustr at e d t h at b y usi n g t h e p art- c e ntri c m o d el -b as e d 
m et h o ds t h er e w as a n oti c e a bl e d e cr e as e i n t h e ti m e s p e nt b y t h e e n gi n e er s a n d t e c h ni ci a ns i n t h e 
“ hi g h ” w or kl o a d c o n diti o n ( a p pr o xi m at el y 1 1 h o ur s).  T his is i n p art d u e t o a d e cr e as e i n hi g h 
w or kl o a d a cti viti es  f or t h e m o d el-b as e d pr o c ess,  s u c h as h u m a n or m a n u al tr a ns cri pti o n of d at a, 
as w ell as ot h er r e as o ns a s dis c uss e d l at er i n t h e r e p ort . A cti viti es hi g h i n m e nt al w or kl o a d, s u c h 
as m a n u al d at a tr a ns cri pti o n, c a n h a v e a hi g h pr o b a bilit y of err or b as e d o n t h e a m o u nt a n d 
c o m pl e xit y of t h e t as ks. 

 

T ot al E x e c uti o n Ti m e  

Dr a wi n g -b as e d  M o d el -b as e d  

8 9: 2 3 : 1 4 8 3: 5 0 : 1 1 

  
Ti m e i n L o w W or kl o a d  

Dr a wi n g -b as e d  M o d el -b as e d  

1 9: 5 6 : 3 1 1 8: 2 2 : 2 8 

  
Ti m e i n M e d W or kl o a d  

Dr a wi n g -b as e d  M o d el -b as e d  

5: 2 4: 3 8  1 2: 0 8: 3 8  

  
Ti m e i n Hi g h W or kl o a d  

Dr a wi n g -b as e d  M o d el -b as e d  

6 4: 0 2: 0 5  5 3: 1 9: 0 5  

  

 

Fi g ur e 1- 1 O v er all M A P -R W or kl o a d A n al y si s R e s ult s . 

 

N ot e t h at a d diti o n al ti mi n g d at a w as c oll e ct e d , a n d t h os e r es ults d o s h o w a m or e n ot a bl e 
diff er e n c e b et w e e n t h e dr a wi n g - b as e d a n d m o d el- b as e d pr o c ess es.  T his d at a is dis c uss e d i n 
m or e d et ail i n e a c h us e c as e, as w ell as i n S e cti o n 6 , C o n cl usi o ns . 
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2.   P R E VI O U S W O R K 

T h e M A P -R pr oj e ct us e d t h e N ati o n al I nstit ut e of St a n d ar ds a n d T e c h n ol o g y ( NI S T) st u d y  
T esti n g t h e Di git al T hr e a d i n S u p p ort of M o d el- B as e d M a n uf a ct uri n g a n d I ns p e cti o n  as t h e 
st arti n g fr a m e w or k. A d diti o n all y, t h e t e a m r e vi e w e d t h e f oll o wi n g pr e vi o u s pil ot pr oj e cts a n d 
r e p orts:  

•  M o d el- B as e d E n gi n e eri n g, A str at e g y f or R R W a n d f ut ur e w e a p o ns pr o gr a m 

•  M o d el- B as e d Pr o d u ct R e ali z ati o n ( M B P R) S A N D 2 0 0 3 - 3 2 2 8 P 

•  M o d el- B as e d S yst e m E n gi n e eri n g  S A N D 2 0 1 5 - 5 8 3 4 M  

•  M o d el- B as e d Pr o d u ct A c c e pt a n c e htt ps:// pr o d.s a n di a. g o v/t e c hli b/ a ut h-
r e q uir e d. c gi/ 2 0 0 4/ 0 4 3 8 4 9 c. p df  

 
  

https://www.nist.gov/publications/testing-digital-thread-support-model-based-manufacturing-and-inspection
https://www.nist.gov/publications/testing-digital-thread-support-model-based-manufacturing-and-inspection
https://prod.sandia.gov/techlib/auth-required.cgi/2004/043849c.pdf
https://prod.sandia.gov/techlib/auth-required.cgi/2004/043849c.pdf
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3.   T H E C U R R E N T S T U D Y 

M A P -R w as  str u ct ur e d t o f oll o w a l o gi c al pr o gr e ssi o n fr o m d esi g n t o m a n uf a ct uri n g t o 
i ns p e cti o n t h at c ul mi n at e d i n t h e pr o d u cti o n of p h ysi c al p arts, a n d t h e si m ul at e d e x e c uti o n of t h e 
N ati o n al N u cl e ar S e c urit y A d mi nistr ati o n’s ( N N S A)  Q u alit y Ass ur a n c e I ns p e cti o n Pr o c e d ur e 
( Q AIP). T h er e w er e i niti all y 8 m aj or a cti viti es ( hi g h -l e v el us e c as es) t h at w er e d e c o m p os e d i n t o 
a mi ni m u m of 1 6 d et ail e d a cti viti es.  H o w e v er , as t h e pr oj e ct pr o gr ess e d , it b e c a m e cl e ar t h at 
f urt h er gr a n ul arit y w as n e e d e d i n t h e m a n uf a ct uri n g us e c as es. I n t h e e n d t h er e w as a t ot al of 1 4  
m aj or a cti viti es ( hi g h -l e v el us e c as es) t h at w er e d e c o m p os e d i nt o a mi ni m u m of 2 8 d et ail e d 
a cti viti es.  T h at is, e a c h a cti vit y h a d b ot h a c o ntr ol a cti vit y ( c urr e nt m et h o d) a n d a m o d el- b as e d 
a cti vit y. T his str u ct ur e e n a bl e d  t h e dir e ct c o m p aris o n a n d d at a c oll e cti o n of a cti viti es b et w e e n 
t h e c urr e nt a n d m o d el- b a s e d pr o c ess es. Fi g ur e 4- 1  d es cri b es t h e  s c o p e of M A P- R. S N L 
p erf or m e d  a cti viti es t h at c ul mi n at e d i n t h e a ut h ori z ati o n of pr o d u ct d efi niti o n. K C N S C  us e d t h e 
a ut h ori z e d pr o d u ct d efi niti o n t o st art t h eir m a n uf a ct uri n g a cti viti es. K C N S C pr o d u c e d t h e p arts 
usi n g tr a diti o n al s u btr a cti v e m a n uf a ct uri n g m et h o ds. Fi n all y , t h e p arts w er e a c c e pt e d b y N N S A 
usi n g a si m ul at e d  Q u alit y Ass ur a n c e I ns p e cti o n Pr o c e d ur e ( Q AI P). 

 

3. 1.  P ur p o s e  

M A P -R w as  t h e N S E’s  first c as e st u d y c o m p aris o n b et w e e n a dr a wi n g- b as e d a n d a m o d el-b as e d 
d esi g n a n d m a n uf a ct uri n g pr o c ess.  T h e S N L a n d K C N S C M A P- R pr oj e ct’s pri m ar y p ur p os e 
w as t o u n d erst a n d t h e M B E v al u e pr o p ositi o n f or t h e e nt er pris e. T his r e p ort d es cri b es t h e 
dr a wi n g - b as e d a n d m o d el- b as e d pr o c ess es, r es ulti n g c o nt e nt, a n d H F E d at a c oll e cti o n a cti viti es, 
a n al ys es p erf or m e d , a n d t h e r es ults f or t h e M A P-R pr oj e ct . Fr o m t his d at a, t h e r e p ort d efi n e d 
h o w M B E  c a n b e us e d t o f urt h er u n d erst a n d t h e b e n efits a n d c h all e n g es of i m pl e m e nti n g M B E 
f or pr o d u ct r e ali z ati o n. 

 

3. 2.  H y p ot h e s e s  

T h e pri m ar y h y p ot h esis f or t h e h u m a n f a ct ors a n al ysis of t his st u d y w as d eri v e d fr o m t h e n e e d t o 
d et er mi n e w hi c h of t h e t w o a n al y z e d pr o c ess es pr o m ot e gr e at er p erf or m a n c e i n t er ms of a l o w er  
pr o b a bilit y o f err ors a n d gr e at er effi ci e n c y i n t er ms of ti m e s a vi n gs, o v er t h e e ntir e e n d -t o- e n d 
d esi g n a n d m a n uf a ct uri n g pr o c ess. B y v ar yi n g t h e r ef er e n c e m at eri als ( 2 D v ers us  3 D) , t h e t e a m 
ass u m e d t h at t h e i n di vi d u als c o m pl eti n g t h e a cti viti es ass o ci at e d wit h t h es e pr o c ess es  us e d t h os e 
m at eri als i n diff eri n g w a ys. T h e t e a m  att e m pt e d t o m e as ur e t h es e diff er e n c es t hr o u g h a n u m b er 
of a n al ys es , wit h t h e g o al of dis c o v eri n g t h eir m a g nit u d e. Wit h t his i n mi n d, t h e pri m ar y 
h y p ot h esis s o u g ht t o d et er mi n e if t h er e w as a diff er e n c e b et w e e n t h e t w o pr o c ess es c o n c er ni n g 
h o w m u c h ti m e w as s p e nt o n e a c h of t h e us e c as es a n al yz e d, i n a hi g h w or kl o a d c o n diti o n . T h e 
d et ails of h o w t h e t e a m d et er mi n e d t his, a n d t h e r e as o ns f or m e as uri n g w or kl o a d, ar e dis c uss e d 
i n gr e at er d et ail i n S e cti o n 3. 4. 2 . 

  



1 8 

3. 3.  C o n str ai nt s a n d A s s u m pti o n s  

I niti all y, a n d t hr o u g h t h e c o urs e of t his pr oj e ct, t h er e w er e a n u m b er of i m p ort a nt p oi nts of 
c o nsi d er ati o n t h at n e e d e d  t o b e t a k e n i nt o a c c o u nt t o c o m p ar e t h e t w o pr o c e ss es. T h es e ar e : 

•  T h e dr a wi n g -b as e d pr o c e ss is t h e c urr e nt pr o c ess us e d b y t h e S N L a n d K C 
m a n uf a ct uri n g a n d d esi g n e n gi n e ers a n d t e c h ni ci a ns. I t h as b e e n e x e c ut e d m ulti pl e ti m es 
o v er m a n y y e ars , a n d t h e se ar e est a blis h e d e x p erts . I n c o ntr ast , t h e m o d el-b as e d pr o c ess 
i n cl u d es m a n y t as ks t h at ar e r el ati v el y n e w  t o t h e p erf or mi n g e n gi n e ers a n d t e c h ni ci a ns. 
T his m ust b e r e c o g ni z e d si n c e t h er e w as m ost li k el y a l e ar ni n g c ur v e f or t h e p erf or m a n c e 
of m a n y of t h e a cti viti es w hil e usi n g t h e 3 D r ef er e n c e m at eri al.  

•  T h e 3 D r ef e r en c e m at eri al h as n ot u n d er g o n e f or m al us a bilit y e v al u ati o ns, a n d w hil e it 
p oss ess es m u c h p ot e nti al, t h e w a y i n w hi c h i nf or m ati o n is pr es e nt e d b y t h e m at eri al will 
gr e atl y aff e ct its utilit y, f or b ett er or w ors e.  

•  D u e t o t h e n at ur e of a cti viti es p erf or m e d, t h e d at a c oll e cti o n w as n ot t h e s a m e f or all us e 
c as es.  T h e a cti viti es f or s o m e us e c as es w er e o bs er v e d  dir e ctl y b y a n e n gi n e er, w hil e 
s o m e w er e a n al y z e d p ost h o c t hr o u g h c o g niti v e w al kt hr o u g hs, a n d fi n all y s o m e w er e 
o nl y dis c uss e d. H o w e v er , w h e n it c a m e t o t h e q u a ntit ati v e a n al ysis, t h e d at a w as 
c oll e ct e d a n d a n al y z e d t o t h e s a m e  l e v el as b est as p ossi bl e.  T h os e us e c as es w h er e t h e 
d at a c oll e cti o n c o ul d n ot m e et t h e s a m e st a n d ar ds w er e r e p ort e d o n a n e c d ot all y a n d 
i n di c at e d as s u c h i n t h e r e p ort as r e q uir e d. 

3. 4.  A n al y s e s P e rf or m e d  

T h e M A P -R pr oj e ct i n cl u d e d t w o a n al ysis eff orts t o h el p c h ar a ct eri z e t h e diff er e n c e b et w e e n t h e 
e m pl o y m e nt of t h e t w o r ef er e n c e m at eri als.  A d e si g n e n gi n e eri n g ti mi n g a n al ysis w as 
p erf or m e d i n c o n c ert wit h d et ail e d  h u m a n f a ct ors a n al ys es.  F or s o m e us e c as es , b ot h a n al ys es 
w er e p erf or m e d w h e n p o ssi bl e, b ut f or s o m e, h u m a n f a ct ors d at a w as n ot a bl e t o b e c a pt ur e d d u e 
t o t h e s c o p e a n d ti mi n g of a cti viti es.  T h es e a cti viti es ar e dis c uss e d i n m or e d et ail S e cti o ns 3. 4. 1  
a n d 3. 4. 2 . 

3. 4. 1.  Ti mi n g A n al y si s  

T hr o u g h o ut t h e M A P- R pr oj e ct, p arti ci p a nts f or e a c h us e c as e m ai nt ai n e d a s pr e a ds h e et  
i n di c ati n g st art a n d e n d ti m e f or e a c h s u b-a cti vit y i n t h e us e c as e. T h e ti m es c oll e ct e d m e as ur e d 
ti m e- o n-t as k a n d n ot d ur ati o n.   

3. 4. 2.  H u m a n F a ct or s E v al u ati o n s a n d D at a C oll e cti o n  

T h e g o al of t h e H u m a n F a ct ors E n gi n e eri n g ( H F E) eff ort f or t h e M o d el A ut h ori z e d Pr o d u ct 
R e ali z ati o n ( M A P - R) pr oj e ct w as t o d et er mi n e t h e diff er e n c es, i n r e g ar d t o h u m a n p erf or m a n c e 
a n d i nt er a cti o n wit h t h e r ef er e n c e m at eri als , of t h e t w o d efi n e d d esi g n a n d m a n uf a ct uri n g 
pr o c ess es. D at a c oll e ct e d f o c us e d o n t as k el e m e nt s, si t u ati o n a w ar e n ess, c o g niti v e w or kl o a d, a n d 
ti m e-t o- c o m pl eti o n. V ari o us m et h o d ol o gi es s u c h as et h n o gr a p hi c o bs er v ati o n, t as k a n al ysis, 
c o g niti v e w al k -t hr o u g h, w or kl o a d a n al ysis, a n d sit u ati o n al a w ar e n ess ass es s m e nt w er e e m pl o y e d 
t o g at h er t h es e d at a t h at we r e t h e n a n al y z e d t o c h ar a ct eri z e h u m a n p erf or m a n c e diff er e n c es 
b et w e e n t h e t w o pr o c ess es.  
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3. 4. 2. 1.  H u m a n F a ct or s E v al u ati o n s  

A n u m b er of H F E d at a c oll e cti o n, a n al ysis, a n d e v al u ati o n t e c h ni q u es w er e e m pl o y e d f or t his 
eff ort, i n cl u di n g: 
 

•  T as k A n al ysis   

•  C o g niti v e W al k t hr o u g h  

•  Et h n o gr a p hi c O bs er v ati o n    

•  W or kl o a d A n al ysis   

•  W or kl o a d Q u esti o n n air e s   

•  W or kl o a d M o d el  

•  W or kl o a d L e v els   

•  Sit u ati o n al  A w ar e n ess  A ss ess m e nt   

E a c h t e c h ni q u e a n d its a p pli c ati o n t o t his pr oj e ct is d es cri b e d b el o w.  

3. 4. 2. 1. 1.  T a s k A n al y si s  

A t as k a n al ysis is a c o m pr e h e nsi v e pr o c ess t h at s e e ks t o u n d erst a n d all a cti viti es t h at o c c ur o n 
t h e p art of a dis cr et e i n di vi d u al or t e a m e m pl o yi n g a d efi n e d s et of t o ols or m et h o ds, s urr o u n di n g 
t h e a c c o m plis h m e nt of a s p e cifi c g o al  (Kir w a n & Ai ns w ort h , 1 9 9 2). T as k a n al ys es ar e 
p erf or m e d t o e ns ur e t h at e n gi n e ers a n d a n al ysts c o m pl et el y u n d erst a n d t h e s c o p e of a cti viti es, 
t e c h ni q u es, t o ols, a n d m et h o ds f or a n i d e ntifi e d t as k or s et of t as ks. O n c e c o m pl et e d, t h e t as k 
a n al ysis c a n b e us e d as t h e b asis f or a d diti o n al a n al ys es t o d efi n e t h e p erf or m a n c e of t h e h u m a ns 
i n v ol v e d ( H a c k os & R e dis h, 1 9 9 8; Kir w a n & Ai n s w ort h, 1 9 9 2). T as k a n al ys es c o nsist of a 
f u n cti o n al a n al ysis, t as k i n v e nt or y, a n d t as k fl o ws; e a c h ar e d es cri b e d b el o w wit h r es p e ct t o t his 
pr oj e ct . 
 
F u n cti o n al A n al ysis  – F u n cti o n al a n al ysis ai ms t o d et er mi n e t h e f u n cti o n al st e ps of t h e 
s c e n ari os us e d  t o a c hi e v e a g o al wit h a s yst e m, d e vi c e, or pr o c ess u n d er s p e cifi c c o n diti o ns 
( H a c k os & R e dis h, 1 9 9 8; Al e x a n d er & M ai d e n, 2 0 0 4). F or M A P - R, w e a d o pt e d 1 4 u s e c as es , 
d et ail e d i n S e cti o n 4 , f or a n al ysis of pr o c ess f u n cti o ns. 
 
T as k I n v e nt o r y a n d T as k Fl o w  – G e n er ati n g  t as k i n v e nt ori es a n d t as k fl o ws is a f o u n d ati o n al 
a p pr o a c h t h at pr o vi d es t h e b asis of a n al ysis f or h u m a n p erf or m a n c e a n d w or kl o a d e v al u ati o ns. 
Aft er t h e  pr o c ess f u n cti o ns f or e a c h us e c as e  w er e d efi n e d , t h e us e c as es w er e t h e n a n al y z e d a n d 
br o k e n d o w n i nt o i n di vi d u al t as ks, fr o m w hi c h t as k i n v e nt ori es a n d fl o ws w er e ass e m bl e d . T his 
w as a c c o m plis h e d b y eit h er i nt er vi e wi n g  or o bs er vi n g i n di vi d u al e n gi n e ers or t e c h ni ci a n s w hil e 
t h e y p erf or me d  o p er ati o ns, a n d r e c or d i n g st e p -b y -st e p a cti viti es of t h eir pr o c ess es. T his 
a p pr o a c h  all o w e d  f or a n i n- d e pt h u n d erst a n di n g of t h e a ct u al t as ks a n d s u bt as ks p erf or m e d b y 
t h e o p er at or a n d pr o vi d e d i nsi g ht i nt o t as k s e q u e n c es a n d t as k d e p e n d e n ci e s, as w ell as  us er 
m oti v ati o ns. As m u c h as p ossi bl e, ti m e- t o-c o m pl eti o n d at a w er e als o c oll e ct e d f or e a c h s u bt as k 
as w ell as t h e o v er all t as ks f or e a c h pr o c ess. T h es e d at a pr o vi d e d g e n er al i nf or m ati o n o n t as k 
d ur ati o n a n d v ari a bilit y.  
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3. 4. 2. 1. 2.  C o g niti v e W al k thr o u g h  

A c o g niti v e w al kt hr o u g h is a d et ail e d e v al u ati o n pr o c e d ur e t h at ai ms  t o si m ul at e a n d m a p a n 
o p er at or’s pr o bl e m- s ol vi n g pr o c ess at e a c h st e p of a t as k ( L e wis et al. , 1 9 9 0; Ni els e n, 1 9 9 5). 
T his m et h o d w a s p erf or m e d i n c o nj u n cti o n wit h or aft er t h e t as k a n al ysis w a s cr e at e d , a n d 
i n v ol v e d i n- d e pt h a n al ysi s of t h e a cti viti es  p erf or m e d b y t h e o p er at or t o d et er mi n e w hi c h  t as ks 
ar e  hi g h i n c o g niti v e w or kl o a d. Li k e t as k a n al ysis, t h e c o g niti v e w al kt hr o u g h all o ws f or 
u n d erst a n di n g of t as ks a n d s u bt as ks. H o w e v er, t hi s m et h o d is c o n c er n e d m or e wit h t h e c o g niti v e 
el e m e nts of t h e t as ks p erf or m e d , w hi c h ar e oft e n u n o bs er v a bl e. Th es e c o g niti v e el e m e nts  or 
pr o c ess es  m a y i n cl u d e r e c alli n g i nf or m ati o n fr o m m e m or y, d e ci p h eri n g b et w e e n i nf or m ati o n 
c o m p o n e nts, or miti g ati n g pr o c ess e n vir o n m e nt al or t as k el e m e nts.  F or t his pr oj e ct, t h e m ai n 
o ut p ut of t h e c o g niti v e w al kt hr o u g h w as t h e i d e ntifi c ati o n of pr o c e d ur al t as ks t h at w er e hi g h i n 
c o g niti v e d e m a n d. T h es e t as ks w er e t h e n f urt h er e x a mi n e d b y et h n o gr a p hi c o bs er v ati o n a n d 
w or kl o a d a n al ysis, e a c h of w hi c h ar e d es cri b e d i n f oll o wi n g s e cti o ns. 

3. 4. 2. 1. 3.  Et h n o gr a p hi c O b s e r v ati o n  

Et h n o gr a p h y is t h e pr o c e ss of c oll e cti n g d at a a b o ut us ers or t as ks i n t h eir n or m al e n vir o n m e nt 
( F ett er m a n, 1 9 9 8). Et h n o gr a p hi c o bs er v ati o ns ar e fi el d- b as e d a n d h olisti c, i n w hic h t h e a n al yst 
o bs er v es us ers a n d t as ks t o g ai n a f ull u n d erst a n di n g of t h e gr o u p b ei n g st u di e d. A n al ysts m a y 
pr o b e f or a d diti o n al i nf or m ati o n usi n g i nt er vi e ws (f or m al a n d i nf or m al) of u s ers, p arti c ul arl y 
c o m m u nit y e x p erts ( S pr a dl e y, 1 9 7 9). Fi n di n gs fr o m et h n o gr a p hi c o bs er v ati o ns, i n c o m bi n ati o n 
wit h d at a fr o m ot h er c oll e cti o n m et h o ds, c a n i nf or m t h e d esi g n of pr o d u cts, pr o c ess es, a n d 
s yst e ms ( Bl o m b er g, B urr ell, & G u est, 2 0 0 3). F or t his st u d y, et h n o gr a p hi c o bs er v ati o ns, w hi c h 
i n cl u d e d i nt er vi e ws, w er e us e d i n t a n d e m wit h ot h er d at a c oll e cti o n m et h o ds. T h e fi n di n gs g a v e 
i nsi g hts i nt o v ari o us pr o c ess a n d us er c h ar a ct eristi cs ( e. g., e n vir o n m e nt al f a ct ors a n d us er 
attit u d es) a n d pr o vi d e d c o nt e xt f or n ot e w ort h y or u n e x p e ct e d fi n di n gs a n d r es ults. 

3. 4. 2. 1. 4.  W or kl o a d A n al y si s 

W or kl o a d r ef ers t o “t h e a m o u nt of w or k a n d n u m b er of t hi n gs t o d o; ti m e a n d t h e p arti c ul ar 
as p e ct of ti m e o n e is c o n c er n e d wit h; a n d/ or t h e s u bj e cti v e ps y c h ol o gi c al e x p eri e n c e of t h e 
h u m a n o p er at or ” ( C ai n, 2 0 0 7). T h e i m a g e i n Fi g ur e  3- 1, fr o m Y er k es a n d D o ds o n ( 1 9 0 8), 
d e pi cts  t h e r el ati o ns hi p b et w e e n p erf or m a n c e a n d e n g a g e m e nt/str ess (l a b el e d ar o us al , i n 1 9 0 8 
t er ms), w hi c h h as c o m e t o b e a c c e pt e d as t h e b asi c  m o d el f or u n d erst a n di n g h u m a n p erf or m a n c e 
i n r el ati o n t o str ess.  A d diti o n all y, w e c a n t h e n ass u m e t h at as a t as k or s et of t as ks r e q uir es m or e 
eff ort, c o g niti v el y or ot h er wis e, t h e ass o ci at e d w or kl o a d t o c o m pl et e t h os e t as ks ris es, a n d as it 
cr oss es s o m e  t hr es h ol d of t ol er a n c e of t h e i n di vi d u al t h eir p erf or m a n c e st arts t o w a n e, a n d t h eir 
str ess l e v el ris es.  T his is ess e nti all y t h e c urr e nt t h e or y of a n al y zi n g w or kl o a d as a pr e di ct or of 
i n di vi d u al p erf or m a n c e f or a t as k or s et of t as ks ( Y er k es, D o ds o n, 1 9 0 8; S w ai n, 1 9 6 4; P a as, 
1 9 9 2).  W hil e t h e c o n c e pt of hi g h w or kl o a d or w or kl o a d o v erl o a d is oft e n dis c uss e d, w e c a n n ot 
f or g et t h e c o n c e pt of l o w w or kl o a d, or w or kl o a d u n d erl o a d.  W or kl o a d u n d erl o a d is w h e n t h e 
i n di vi d u al is ess e nti all y b or e d wit h a t as k a n d t h er ef or e is n ot e n g a g e d i n it, w hi c h w o ul d als o 
r es ult i n a d etri m e nt t o p erf or m a n c e.   
 
M e as uri n g w or kl o a d all o ws f or b ett er u n d erst a n di n g of t h e p erf or m a n c e d e m a n ds of gi v e n t as ks, 
w hi c h i m pr o v es pr e di cti o n of o p er at or a n d s yst e m p erf or m a n c e ( C ai n, 2 0 0 7). F or t his pr oj e ct, 
th e m e nt al  w or kl o a d of t h e o p er at ors w as a n al y z e d usi n g d at a c oll e ct e d fr o m o bs er v ati o ns t o 
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c o nstr u ct w or kl o a d m o d els a n d v ali d at e d q u esti o n n air es. T h e q u esti o n n air e s a n d m o d els ar e e a c h 
d es cri b e d i n m or e d et ail b y us e c as e i n S e cti o n 4 . 
 

 
Fi g ur e 3- 1 Y er k e s a n d D o d s o n ( 1 9 0 8) Ar o u s al/ E n g a g e m e nt/ Str e s s C ur v e . 

 

3. 4. 2. 1. 5.  W or kl o a d Q u e sti o n n air e s 

T h e w or kl o a d q u esti o n n air es a d mi nist er e d w er e t h e N ati o n al A er o n a uti cs a n d S p a c e 
A d mi nistr ati o n ( N A S A) T as k L o a d I n d e x ( T L X) a n d t h e T L X T as k D e m a n d C o m p aris o n 
Q u esti o n n air es ( H art & St a v el a n d , 1 9 8 8). T h es e q u esti o n n air es ai m t o u n d erst a n d t h e l e v el of 
w or kl o a d wit h r es p e ct t o s p e cifi c t as ks or s u b -t as k s ass o ci at e d wit h a l ar g er g o al or o p er ati o n. 
T h e T L X q u esti o n n air e s oli cits s u bj e cti v e w or kl o a d l e v els f or m e nt al d e m a n d, p h ysi c al d e m a n d, 
t e m p or al d e m a n d, p erf or m a n c e, eff ort e x ert e d, a n d fr ustr ati o n fr o m p arti ci p a nts u p o n t as k 
c o m pl eti o n. T h e T as k D e m a n d C o m p aris o n q u esti o n n air e is us e d t o d et er mi n e w ei g hti n gs f or t h e 
si x s u bj e cti v e w or kl o a d c at e g ori es b as e d o n p arti ci p a nt f e e d b a c k. Usi n g t h e T L X d at a a n d t h e 
w ei g hti n g fr o m t h e T as k D e m a n d C o m p aris o n Q u esti o n n air e , a c o m p osit e s c or e f or o v er all 
s u bj e cti v e w or kl o a d is c al c ul at e d . A s c or e of 7 4 or gr e at er i n di c at es a b o v e a v er a g e w or kl o a d 
a c c or di n g t o r es e ar c h p erf or m e d b y H art a n d St a v el a n d ( 1 9 8 8). S u bs e q u e ntl y, a s c or e b el o w 7 4 
i s c o nsi d er e d a n a c c e pt a bl e  w or kl o a d l e v el. S e e  A p p e n di x A  f or t h e N A S A T L X a n d T as k 
D e m a n d C o m p aris o n Q u esti o n n air es. 
 
F or t his pr oj e ct, t h e q u esti o n n air es w er e a d mi nist er e d f or a p pli c a bl e us e c as es  f oll o wi n g 
i nt er vi e ws or o bs er v ati o n a cti vit y w h er e p ossi bl e.  W ei g ht e d w or kl o a d s c or es w er e t h e n 
c al c ul at e d t o i d e ntif y a n y p ot e nti al p er c ei v e d w or kl o a d o v erl o a d c o n diti o ns a n d as a n e c d ot al 
i n di c at ors of t as k a cti viti es t h at mi g ht r e q uir e f urt h er a n al ysis. 
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3. 4. 2. 1. 6.  W or kl o a d M o d el  

W or kl o a d m o d els f or b ot h t h e d r a wi n g- b as e d a n d m o d el-b as e d  pr o c ess es w er e c o nstr u ct e d a n d 
a n al y z e d  i n t h e I m pr o v e d P erf or m a n c e R es e ar c h I nt e gr ati o n T o ol (I M P RI N T) (Mit c h ell 2 0 0 0, 
2 0 0 3; S al vi 2 0 0 1) f or s el e ct e d criti c al us e c as es i n or d er t o g et a d et ail e d u n d erst a n di n g of t h e 
eff e cts t h e r ef er e n c e m at eri als m a y h a v e h a d o n t h e p erf or m ers (s e e S e cti o n 4  f or m or e d et ail). 
I M P RI N T is a dis cr et e e v e nt , si m ul ati o n , a n d m o d eli n g s oft w ar e t o ol t h at all o ws t h e us er t o 
i n p ut q u a ntifi a bl e s yst e m p ar a m et ers a n d t as k fl o ws. T h e si m ul at e d t as k fl o ws ar e r u n o v er a 
c ert ai n a m o u nt of ti m e t o pr o d u c e a n esti m at e d m e as ur e of w or kl o a d. F or e a c h t as k i n t h e t as k 
n et w or k, t h e s oft w ar e c o m p ut es t h e ti m e -t o-c o m pl et e  t h e t as k fl o w, al o n g wit h o v er all w or kl o a d. 
N ot e t h at w or kl o a d p ar a m et ers i n I M P RI N T diff er t h a n t h os e us e d i n t h e w or kl o a d 
q u esti o n n air es. I n I M P RI N T, w or kl o a d is b as e d o n t h e V A C P ( vis u al, a u dit or y, c o g niti v e, a n d 
ps y c h o m ot or) ( M c Cr a c k e n & Al dri c h, 1 9 8 4) t h e or y a n d t h e M ulti pl e R es o ur c e T h e or y ( M R T) of 
w or kl o a d ( Wi c k e ns & Y e h, 1 9 8 6). T h es e t h e ori es p ost ul at e t h at e a c h i n di vi d u al p oss ess es  
c h a n n els of c a p a cit y fr o m w hi c h r es o ur c es c a n b e utili z e d t o c o m pl et e diff eri n g t y p es of t as ks. 
T as ks dr a w r es o ur c es fr o m diff er e nt c h a n n els , a n d t his i n ess e n c e is a m e as ur e of t h e diffi c ult y 
of t h e t as k i n q u esti o n , wit h m or e diffi c ult t as ks dr a wi n g m or e r es o ur c es fr o m m or e c h a n n els. 
T h es e m et h o ds all o w a n a n al yst t o b uil d t as ks i n a t as k fl o w, assi g n t h e m w or kl o a d r es o ur c e 
c h a n n el v al u es, e x e c ut e t as k fl o w s t e m p or all y, a n d t h e n o bs er v e t h e l e v el of w or kl o a d a n 
i n di vi d u al is u n d er at a n y gi v e n ti m e, b as e d o n t h e t as ks t h e y ar e p erf or mi n g. T h es e t as ks 
g e n er at e a m o d el of t h eir w o r kl o a d f or s p e cifi c a cti viti es. T h e c or e of t h e m o d el r e v ol v es ar o u n d 
t h e r es o ur c e c ost v al u es a ssi g n e d t o e a c h t as k. T h e s e  v al u es  ar e  s el e ct e d b as e d o n pr e -e xisti n g 
r es e ar c h a n d t as k t y p e, as w ell as t h e fi n di n gs fr o m t h e t as k a n al ys es, c o g niti v e w al kt hr o u g hs, 
a n d et h n o gr a p hi c o bs er v ati o ns.  
 
T h e I M P RI N T m o d els ar e t h e pri m ar y m e a ns of t h e c o m p ut ati o n a n d c o m p aris o n of t h e 
w or kl o a d of t h e t w o diff eri n g pr o c ess es  us e d f or t his st u d y. T h es e r es ults ar e pr es e nt e d a n d 
dis c uss e d i n S e cti o n 4 . 

3. 4. 2. 1. 7.  W or kl o a d L e v el s  

I n or d er t o pr o vi d e a m e a ns  f or r es ol vi n g t h e t e a m’s h y p ot h esis, d et ail e d i n S e cti o n 3. 2 , a m etri c 
w as d eri v e d b y w hi c h t h e w or kl o a d m o d els of t h e us e c as es b et w e e n e a c h pr o c ess c o ul d b e 
c o m p ar e d t o o n e a n ot h er i n t er ms of ti m e s p e nt b y t h e t as k p erf or m er, i n t h e pr e -d et er mi n e d 
w or kl o a d l e v els of l o w, m e di u m, a n d hi g h. T h es e l e v els w er e d et er mi n e d b y t h e t ot al w or kl o a d 
v al u es o bt ai n e d fr o m t h e w or kl o a d m o d els o v er ti m e, a n d d eli n e at e d as l o w ( 0- 1 4. 9), m e di u m 
( 1 5- 1 8. 9), a n d hi g h ( 1 9- 2 1). T h es e v al u es w er e d et er mi n e d b as e d o n t h e M R T  s c or es f or t as k 
t y p es, w h er e 2 1 is t h e m a xi m u m of p ossi bl e w or kl o a ds t o b e e x p eri e n c e d f or t h e t hr e e c h a n n els 
m o d el e d, a n d t h e c o n c e pt of str ess- b as e d w or kl o a d l e v els a n d pr e di ct e d p erf or m a n c e. T h es e 
v al u es ar e d et ail e d f or e a c h us e c as e a n d pr o c ess i n S e cti o n 4 . 
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3. 4. 2. 1. 8.  Sit u ati o n al  A w a r e n e s s  A s s e s s m e nt  

At a hi g h l e v el, Sit u ati o n al A w ar e n ess ( S A) c a n b e u n d erst o o d si m pl y as “ w h at is g oi n g o n ” 
( E n dsl e y, 1 9 9 5). S A as pr o p os e d b y E n dsl e y ( 1 9 9 5) c o nsists of t hr e e l e v els:  p er c e pti o n, 
c o m pr e h e n si o n, a n d pr oj e cti o n. P er c e pti o n (l e v el 1) c o nsists of p er c ei vi n g t h e st at us, attri b ut es, 
a n d d y n a mi cs of r el e v a nt el e m e nts of t h e e n vir o n m e nt. C o m pr e h e nsi o n (l e v el 2) i n v ol v es t h e 
s y nt h esis of el e m e nts i n l e v el 1 t o u n d erst a n d h o w it will i m p a ct t h e i n di v i d u al’s g o als a n d 
o bj e cti v es. P r oj e cti o n (l e v el 3) i n v ol v es t h e e xtr a p ol ati o n of t h os e el e m e nts ’ p ot e nti al i m p a ct o n 
f ut ur e st at es of t h e o p er ati o n al e n vir o n m e nt.  
 
T o ass ess o p er at ors’ S A of s p e cifi c el e m e nts of t h e M A P -R pr o c ess es, a n i n d ustr y- v ali d at e d 
q u esti o n n air e w as us e d. T h e Sit u ati o n A w ar e n ess R ati n g T e c h ni q u e ( S A R T ) (T a yl or , 1 9 8 9) w as 
a d mi nist er e d f oll o wi n g eit h er t h e et h n o gr a p hi c o b s er v ati o ns or t h e c o g niti v e w al kt hr o u g h 
i nt er vi e ws d e p e n di n g o n t h e ti m e a n d a v ail a bilit y of t h e o p er at ors . S A R T w as us e d i n a d diti o n t o 
ot h er w or kl o a d m e as ur es b e c a us e i t is g e n er all y a c c e pt e d t h at m or e d e m a n di n g a cti viti es (i. e., 
hi g h w or kl o a d) will n e g ati v el y i m p a ct t h e o p er at or’s S A of n o n -criti c al a cti viti es i n a s p e cifi c 
pr o c ess. As s u c h, S A R T is a n i n dir e ct  m e as ur e of c o g niti v e w or kl o a d.  T h e r es ults w er e a n al y z e d 
f or a n e c d ot al i n di c ati o ns of hi g h w or kl o a d t hr o u g h l o w S A r ati n gs. S e e  A p p e n di x A  f or t h e 
S A R T q u esti o n n air e. 

3. 4. 2. 2.  H F E Fi n di n g s a n d A dj u di c ati o n  

Al l H F E fi n di n gs c oll e ct e d w er e  pr o vi d e d t o D esi g n E n gi n e eri n g  al o n g wit h r e c o m m e n d e d 
pr o c ess  m o difi c ati o ns t o a d dr ess c o n c er ns. T h es e r es ults will b e pr o vi d e d i n a w a y t h at f a cilit at es 
D esi g n E n gi n e eri n g’s i m pl e m e ntati o n of r e c o m m e n d ati o ns b as e d o n i m p a ct t o pr o c ess, lif e c y cl e 
ti m eli n e, a n d t h e r es o ur c es a v ail a bl e. 

3. 5.  Dr a wi n g -B a s e d C urr e nt P r o c e s s  

T h e tr a diti o n al dr a wi n g -b as e d a p pr o a c h is w h er e  t h e pr o d u ct d efi niti o n is a ut h ori z e d as a p art- 
d efi ni n g dr a wi n g.  I n t his pr o c ess, t h e 2 D st ati c dr a wi n g is a P D F  a n d is t h e l e g al a n d f u n cti o n al 
d efi niti o n. 

 
 

Fi g ur e 3- 2 Dr a wi n g -b a s e d P ar a di g m . 
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3. 6.  M o d el -B a s e d M A P -R P r o c e s s  

T h e n e w m o d el- b as e d e nt er pris e p ar a di g m a p pr o a c h is w h er e  t h e pr o d u ct d efi niti o n is a ut h ori z e d 
as a  p art - d efi ni n g dr a wi n g.  I n t his pr o c ess, t h e 3 D m o d el- b as e d d efi niti o n is t h e l e g al a n d 
f u n cti o n al d efi niti o n. 

 
Fi g ur e 3- 3 M o d el -B a s e d P ar a di g m . 
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4.  M A P -R A C TI VI TI E S A N A L Y Z E D 

U s e c as es w er e i d e ntifi e d t h at e n c a ps ul at ed t h e d esi g n a n d m a n uf a ct uri n g pr o c ess a n d a ct e d as 
t h e b asis f or c o m p ari n g t h e dr a wi n g- b as e d a n d m o d el-b as e d pr o c ess es. T h es e us e c as es ar e list e d 
b el o w a n d dis pl a y e d i n Fi g ur e 4- 1 .  

•  Us e C as e 1: Cr e at e Pr o d u ct D efi niti o n   

•  Us e C as e 2: C ertif y Pr o d u ct D efi niti o n    

•  Us e C as e 3: Cr e at e L O T A R E q ui v al e nt Fil es   

•  Us e C as e 4 : A ut h ori z e Pr o d u ct D efi niti o n  

•  Us e C as e 5: Dis p ositi o n Pr o d u ct C h a n g e   

•  Us e C as e 6: Pr e p ar e f or M a n uf a ct uri n g   

•  Us e C as e 7: Cr e at e D eri v ati v e Fil es f or M a n uf a ct uri n g   

•  Us e C as e 8: P a c k a g e Pr o d u ct D efi niti o n f or M a n uf a ct uri n g   

•  Us e C as e 9: M a n uf a ct ur e P art   

•  Us e C as e 1 0: Pr e p ar e f or I ns p e cti o n   

•  Us e C as e 1 1: I ns p e ct P art   

•  Us e C as e 1 2: R e q u est Pr o d u ct C h a n g e   

•  Us e C as e 1 3: Cr e at e Q u alit y Ass ur a n c e I ns p e cti o n Pr o c e d ur e ( Q AI P)   

•  Us e C as e 1 4: P erf or m E n gi n e eri n g A n al ysis   

T h es e us e c as es ar e  d es cri b e d i n m or e d et ail i n t h e f oll o wi n g s e cti o ns. E a c h us e c as e s e cti o n is 
or g a ni z e d as f oll o ws: 

•  D es cr i pti o n of t h e t as ks i n v ol v e d i n t h e us e c as e 

•  H u m a n f a ct ors d at a i n cl u di n g w or kl o a d m o d el i nf or m ati o n a n d p ost- a cti vit y s ur v e y 
r es ults 

•  A cti viti es a n d err ors i d e ntifi e d i n t h e us e c as e b as e d o n fi n di n gs fr o m t as k a n al ysis, 
c o g niti v e w al kt hr o u g hs, a n d et h n o gr a p hi c o bs er v ati o ns 

•  Fi n di n gs of n ot e a n d r e c o m m e n d ati o ns f or miti g ati n g c h all e n g es a n d p ot e nti al err ors 
i n h er e nt i n t h e us e c as e 
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U s e C a s e s a n d Hi g h -l e v el Fl o w

D e si g n A g e n cy ( S N L) Pr o d u cti o n A g e n c y ( K C N S C) N N S A

St art

Cr e at e Pr o d u ct 
D ef i nit i o n

( U C 1)

Cr e a t e  L O T A R  
E q ui v al e nt Fil e s

( C U 3)

A ut h or iz e Pr o d uct  
D ef i nit i o n

( U C 4)

C ert ify  Pr o d u ct 
D ef i nit i o n

( U C 2)

Cr e at e D eri v ati v e fil e s 
f or M a n uf a ct uri n g

( U C 7)

Di s p o siti o n Pr o d u ct 
C h a n g e
( U C 5)

Pr e p ar e f or 
M a n uf a ct uri n g

( U C 6)

P a c k a g e Pr o d u ct 
D ef i nit i o n f or 

M a n uf a ct uri n g
( U C 8)

M a n uf a ct ur e P art
( U C 9)

Pr e p ar e f or I ns p e cti o n
( U C 1 0)

I ns p e ct P ar t
( U C 1 1)

R e q u e st Pr o d u ct 
C h a n g e
( U C 1 2)

P erf or m Q u ali ty 
A s s ur a nc e I n s p e cti o n 
Pr o c e d ur e ( Si m ul at e d)

( U C 1 3)

P erf or m E n gi n e eri n g 
A n a l y si s
( U C 1 4)

E N D

 

Fi g ur e 4- 1 M A P -R D e si g n a n d M a n uf a ct uri n g U s e C a s e s . 
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4. 1.  U s e C a s e 1: Cr e at e Pr o d u ct D efi niti o n  

4. 1. 1.  D e s c ri pti o n  

T his us e c as e i n cl u d es  cr e ati n g t h e dr a wi n g or m o d el t h at c o nt ai ns t h e Pr o d u ct a n d 
M a n uf a ct uri n g  I nf or m ati o n ( P MI), a n d g e n er at i n g t h e M at eri als L ist ( M L). 

4. 1. 2.  Dr a wi n g -B a s e d  a n d M o d el -B a s e d Diff e r e n c e s  

F or t h e C r e at e Pr o d u ct D efi niti o n us e c as e, n ot e t h e diff er e n c es b et w e e n t h e dr a wi n g - b as e d a n d 
m o d el- b as e d pr o c ess es.   
 
T h e dr a wi n g -b as e d pr o c e ss r e q uir es cr e ati n g  a 2 - di m e nsi o n al ( 2 D) pri nt as a P D F  t h at m ust 
i n clu d e all r el e v a nt i nf or m ati o n , vi e ws, a n d P MI  fr o m t h e 3- di m e nsi o n al ( 3 D) m o d el. T his 2 D 
pri nt is us e d f or pr o d u ci n g d o w nstr e a m m o d els, i ns p e cti o n, a n d q u alifi c ati o n a n d s er v es as  t h e 
pri m ar y r ef er e n c e f or t h e m a n uf a ct uri n g c o nt ra ct or.  
 
T h e m o d el- b as e d pr o c ess d o es n ot r e q uir e t his t as k. H o w e v er, a n  a d diti o n al t as k is n e e d e d t o 
g e n er at e vi e ws or  c o m bi n ati o n st at es t h at l o gi c all y a g gr e g at e t h e P MI of t h e 3 D m o d el. T h es e 
c o m bi n ati o n st at es ar e al m ost as diffi c ult t o cr e at e as t h e m o d el its e lf si n c e t h e d esi g n e n gi n e er 
n e e ds t o e ns ur e all r el e v a nt  G e o m etri c Di m e nsi o ni n g a n d T ol er a n ci n g  (G D & T ) is a n n ot at e d o n a 
s el e cti o n of vi e ws.  
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4. 1. 3.  H u m a n F a ct or s D at a  

4. 1. 3. 1.  W or kl o a d M o d el s C o m p ari s o n  

Fi g ur e 4- 2  a n d Fi g ur e 4- 3  d et ail  t h e I M P RI N T w or kl o a d gr a p hs f or t h e dr a wi n g-b as e d a n d 
m o d el- b as e d pr o c ess es. N ot e t h at w hil e t h e first p orti o ns of t h es e m o d els ar e i d e nti c al , t h e 
m o d el- b as e d pr o c ess t o o k l o n g er  t o c o m pl et e t h a n t h e dr a wi n g -b as e d pr o c e ss  ( 1 9: 4 9: 4 2 v ers us 
1 2: 2 4: 3 0). T his w as d u e t o t h e a d d e d st e p of cr e ati n g t h e c o m bi n ati o n st at es,  w hi c h a d ds eff ort t o 
t h e m o d el- b as e d v ersi o n of t his us e c as e. T his sit u ati o n is dis c uss e d i n m or e d et ail i n S e cti o n 
4. 1. 5 . 

 

Fi g ur e 4- 2 Cr e at e Pr o d u ct D efi niti o n  – Dr a wi n g -B a s e d  W or kl o a d M o d el . 

 

 

Fi g ur e 4- 3 Cr e at e Pr o d u ct D efi niti o n  – M o d el -B a s e d  W or kl o a d M o d el . 
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M or e  d et ail is a v ail a bl e o n t h e diff er e n c es i n w or kl o a d b et w e e n t h e t w o pr o c ess es w h e n 
c o m p ar i n g t as k ti m e s p e nt i n w or kl o a d l e v el c o n diti o ns.  Fi g ur e 4- 4  dis pl a ys t ot al t as k  ti m e i n 
l o w, m e di u m, a n d hi g h w or kl o a d l e v el c o n diti o ns.  T h es e c o n diti o ns ar e d efi n e d as t h e s u m t ot al 
ti m e of t as ks b ei n g e x e c ut e d, w h er e t h e w or kl o a d v al u es w er e l ess t h a n 1 4 (l o w), b et w e e n 1 5 a n d 
1 8 ( m e di u m), a n d 1 9 a n d u p ( hi g h).  T h e m a xi m u m p ossi bl e v al u e f or w or kl o a d at a n y gi v e n 
ti m e i n t h e m o d el is 2 1.  N ot e t h at t h e w or kl o a d v al u es e m pl o y e d i n t h e m o d el ar e dis c uss e d i n 
m or e d et ail i n S e cti o n   3. 4. 2. 1 . 
 

Ti m e at W or kl o a d L e v el f or Cr e at e Pr o d u ct D efi niti o n - Dr a wi n g  
L o w  M e d  Hi g h  

0 -1 4  1 5 -1 8  1 9 - 2 1  

8: 5 2: 1 7  0: 0 2: 1 3  3: 3 0: 0 0  

 
Ti m e at W or kl o a d L e v el f or Cr e at e Pr o d u ct D efi niti o n - M o d el  

L o w  M e d  Hi g h  

0 -1 4  1 5 -1 8  1 9 - 2 1  

5: 2 7: 2 9  6: 4 2: 1 3  7: 3 0: 0 0  
 

 

Fi g ur e 4- 4 Ti m e at  W or kl o a d L e v el s f or Cr e at e Pr o d u ct D efi niti o n .  

Fr o m  t h e d at a i n Fi g ur e 4- 4 , t h e pr o d u ct d efi niti o n us e c as e w or kl o a d m o d el f or t h e m o d el-b as e d 
pr o c ess e x hi bits m or e ti m e s p e nt i n t h e hi g h w or kl o a d c o n diti o n t h a n t h e dr a wi n g- b as e d m o d el.  
R ef er t o  S e cti o n 4. 1. 5  f or m or e i nf or m ati o n a b o ut t his c o m p aris o n a n d p ossi bl e r e as o ns f or t h es e 
diff er e n c es .  
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Fi g ur e 4- 5  d e pi cts t h e w or kl o a d m o d el f or cr e ati n g  t h e m at eri als list, a n d Fi g ur e 4- 6  dis pl a ys t h e 
ti m e i n w or kl o a d l e v els.  N ot e t h at t his t as k is t h e s a m e f or b ot h pr o c ess es, si n c e r e g ar dl ess of 
m et h o d e m pl o y e d, t h e us er m ust cr e at e a m at eri als list  t o s u p p ort t h e m at eri als c h os e n f or t h e 
c o m p o n e nt. 
 

 
 

Fi g ur e 4- 5 Cr e at e M at eri al s Li st W or kl o a d M o d el . 

 
Ti m e at W or kl o a d L e v el f or Cr e at e M at eri al s Li st  

L o w  M e d  Hi g h  

0 -1 4  1 5 -1 8  1 9 - 2 1  

0: 0 0: 0 0  2: 1 2: 0 5  0: 3 0: 0 0  
 

 

Fi g ur e 4- 6 Ti m e at W or kl o a d L e v el s f or Cr e at e M at eri al s Li st. 

4. 1. 3. 2.  S ur v e y D at a  

T h e r es ult s of t h e N A S A T L X s h o w e d e vi d e n c e t h at t h e d esi g n e n gi n e er e x p eri e n c e d hi g h l e v els 
of w or kl o a d f or t h e “ Cr e at e c o m bi n ati o n st at es ” t as k, wit h hi g h l e v els of M e nt al D e m a n d ( 8 5) 
a n d Fr ustr ati o n ( 9 0).  

R es ults fr o m t h e S A R T a gr e e d wit h t h e T L X i n t h at t h e d esi g n e n gi n e ers i n di c at e d a n o v er all 
l o w l e v el of S A ( 4) w hil e p erf or mi n g t h e “ Cr e at e c o m bi n ati o n st at es ” t as k, wit h i n di c ati o ns t h at 
t h e sit u ati o n w as hi g hl y u nst a bl e ( 7), c o m pli c at e d ( 7), a n d c o nt ai n e d  a hi g h n u m b er of v ari a bl es 
( 7). T h e R e vi e w M L  t as k a n d s u bt as ks als o s e e m e d t o s c or e l o w o v er all ( 9). T h es e fi n di n gs 
i n di c at e it mi g ht b e w ort h i n v esti g ati n g t h es e s u bt as ks i n m or e d et ail t o i d e ntif y p ossi bl e 
miti g ati o ns.  

  

1 5. 5 0

1 6. 0 0

1 6. 5 0

1 7. 0 0

1 7. 5 0

1 8. 0 0

1 8. 5 0

1 9. 0 0

1 9. 5 0

0 0: 0 0: 0 0. 0 0 0 1: 2 7: 0 5. 0 0 0 1: 5 7: 0 5. 0 0 0 2: 4 2: 0 5. 0 0

W
or

kl
oa

d

Ti m e

Cr e at e M at eri al s Li st
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4. 1. 4.  A cti viti e s a n d E rr or s 

T h e t as ks a n al ysis eff ort u n c o v er e d i nf or m ati o n a b o ut p ossi bl e err or r at es of t h e o bs er v e d 
a cti viti es. B ot h t h e dr a wi n g -b as e d a n d m o d el -b as e d  pr o c ess es  i n cl u d e a l ar g e n u m b er of 
a cti viti es t h at c o ul d eli cit e rr ors o v er ti m e f or cr e ati o n of a si n gl e p art. A n y  a cti vit y i n v ol vi n g 
c o p yi n g t e xt fr o m o n e l o c ati o n t o a n ot h er, eit h er p h ysi c all y ( writi n g b y h a n d) or di git all y (t y pi n g 
b y l o o ki n g), will b e ass o ci at e d wit h a c h a n c e f or  err or  ( ~ 1 %, Gr u di n 1 9 8 3). T his m a y n ot b e 
i m p ort a nt t o t h e pr oj e ct a s a w h ol e, d e p e n di n g o n w hi c h  pr o d u ct t h e err or w as c o m mitt e d. It c a n 
oft e n r es ult i n u n w a nt e d d el a ys, mi n or or ot h er wis e, c o m pl eti n g t h e pr o c ess or pr oj e ct.  
 
S o m e i nst a n c es o c c urr e d wit hi n t h e dr a wi n g- b as e d a n d m o d el- b as e d pr o c es s es t h at r e q uir e d t h e 
e n gi n e er t o t y p e i nf or m ati o n fr o m o n e s o ur c e pr o d u ct t o a n ot h er, r at h er t h a n b ei n g “ c o p y a n d 
p ast e d . ” T h es e w er e:  
 

•  C r e ati n g t h e m at eri als list ( M L)  –  D uri n g t his pr o c ess, e n gi n e ers m ust tr a n s cri b e 
m at eri als a n d pr o p erti es t h at i n cl u d e a l ar g e n u m b er of n u m eri c al fi el ds t h at n e e d t o b e 
t y p ed a n d tr a ns cri b e d b y h a n d i nt o t h e r e q uir e d fi el ds f or t h e M at eri als List ( M L). T h er e 
i s a n el e v at e d c h a n c e of err or d uri n g t his pr o c ess. 

•  T r a ns cri bi n g M L t o t h e C r e o ® p art fil e  – Aft er t h e M L is cr e at e d a n d a p pr o v e d, t h e 
i nf or m ati o n fr o m it is a d d e d t o t h e Cr e o p art m et a d at a fil e. T his pr o c ess is a m a n u al 
di git al pr o c ess a n d i n cl u d es a n el e v at e d c h a n c e of err or.  

 
T h es e t w o a cti viti es ar e g o o d e x a m pl es  of t h e m ost  err or -r el at e d a cti viti es wit h t h e pr o c ess es. 
W hil e t h er e ar e ot h er i nst a n c es w h er e err ors c a n  aris e, all m at eri als w er e r e vi e w e d m ulti pl e ti m es 
pri or t o r el e as e, alt h o u g h t h es e r e vi e ws w er e als o s u bj e ct t o p ossibl e err ors . T h e b est s ol uti o n t o 
a v oi d t h es e t y p es of err or s is t o a ut o m at e t h e pr o c e ss s o i nf or m ati o n s h ar e d a cr oss pr o d u cts c a n 
b e e asil y c o pi e d a n d p ast e d  fr o m o n e pr o d u ct t o a n ot h er, or p o p ul at e d a ut o m ati c all y, o n c e t h e 
d at a is s el e ct e d b y a n  e n gi n e er.  H o w t h es e pr o c ess es c a n b e  a ut o m at e d r e q uir es  f urt h er 
e v al u ati o n a n d is n ot p art of t his st u d y. 

4. 1. 5.  Fi n di n g s of N ot e  

D uri n g t h e et h n o gr a p hi c o bs er v ati o ns a n d i nt er vi e ws f or t h e dr a wi n g- b as e d a n d m o d el- b as e d 
pr o c ess es  of t his us e c as e, t h er e w er e a n u m b er of fi n di n gs g e n er at e d t h at l e n d i nsi g ht i nt o t h e 
c h all e n g es of b ot h pr o c es s es . T h e list b el o w pr o vi d es t h es e fi n di n gs a n d di s c uss es p ossi bl e 
miti g ati o ns.  
 
Fi n di n gs f or b ot h pr o c ess es: 
 

•  T h e “ D et er mi n e m at eri al s p e cifi c ati o n ”  st e p  is p erf or m e d e arl y i n t his us e c as e f or b ot h 
t h e dr a wi n g- b as e d a n d m o d el-b as e d pr o c ess es. It is d o n e usi n g l e n gt h y s e ar c h es i n t h e 
I M S o n t h e S a n di a Cl assifi e d N et w or k ( S C N). O n c e l o c at e d, t h e m at eri als s p e c (s) m ust 
b e d o w n-s hift e d or h a n d- c arri e d , a n d t h e n t h e u n cl assifi e d i nf or m ati o n fr o m it h a n d-
c o pi e d i nt o t h e a p pr o pri at e pr o d u cts i n t h e P MI. T his pr o c ess is l e n gt h y a n d c u m b ers o m e, 
a n d t h e m a n u al tr a nsf er of i nf or m ati o n f r om a h ar d c o p y t o el e ctr o ni c el e v at es t h e 
li k eli h o o d of err ors. If m o difi e d t o all o w f or a ut o m ati o n i n s o m e f as hi o n, t h e li k eli h o o d 
of err o r w o ul d d e cr e as e.  
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•  As dis c uss e d a b o v e, t h er e ar e t w o st e ps  i n t h e e arl y p h as es of t his us e c as e f or eit h er 
pr o c ess t h at r e q uir e m a n u al d at a e ntr y  fr o m o n e pr o d u ct t o a n ot h er. T h es e st e ps ar e 
“ Cr e ati n g t h e m at eri als list ”  a n d “ Tr a ns cri bi n g t h e M L t o t h e C R E O p art fil e ”  a n d w o ul d 
b e n efit wit h s o m e a n al ysis o n h o w t o a ut o m at e t h e m t o r e d u c e t h e li k eli h o o d of err ors. 

 
Fi n di n gs f or t h e m o d el- b as e d pr o c ess : 
 

•  As s e e n  wi t h t h e w or kl o a d m o d els f or t his us e c as e, Fi g ur e 4- 2  a n d Fi g ur e  4- 3, t h e 
m o d el- b as e d pr o c ess t o o k l o n g er t o c o m pl et e t h a n t h e dr a wi n g- b as e d pr o c e ss . T his w as 
r e p ort e d b y t h e e n gi n e er t o b e pri m aril y d u e t o t h e t as k f or g e n er ati n g  t h e c o m bi n ati o ns 
st at es , w hi c h w as “ v er y c o g niti v el y ti m e - c o ns u mi n g. ” Ulti m at el y , t h e e n gi n e er n e e d e d t o 
g u ess w hi c h vi e w or vi e ws pr o vi d e d t h e b est i nf or m ati o n a n d f e at ur e gr o u pi n gs t o 
c o n v e y t h e d esi g n of t h e p art a d e q u at el y. E a c h c o m bi n ati o n st at e i n cl u d es a vi e w of t h e 
p art, c o u pl e d wit h n ot ati o ns, c h os e n t o c o m m u ni c at e a f e at ur e i n t h e m ost cl e ar a n d 
c o n cis e w a y. E a c h of t h e s e vi e ws t h e n w e nt u n d er i n cr e as e d s cr uti n y fr o m t h e r e vi e w 
t e a m a n d h a d t o b e c h a n g e d m ulti pl e ti m es. T his p art of t h e pr o c ess is still b ei n g r efi n e d, 
a n d it is p ossi bl e t h at o n c e t h er e is a n est a blis h e d pr o c ess a n d e n gi n e ers g ai n m or e 
e x p ertis e,  t h e ti m e t o c o m pl eti o n will b e r e d u c e d. Pr o vi di n g a w a y t o si m p lif y t h e 
cr e ati o n of t h e c o m bi n ati o n st at es  s h o ul d als o b e c o nsi d er e d, si n c e c urr e ntl y t h es e ar e 
cr e at e d a n d m o difi e d b y m a ni p ul ati n g t h e p art m o d el i n Cr e o . T his s h o ul d b e a n al y z e d 
f or st a n d ar di z ati o n a n d effi ci e n c y i n f ut ur e it er ati o ns of t h e pr o c ess.  

•  T his  w as t h e first it er ati o n of t h e m o d el -b as e d pr o c ess f or t his us e c as e, a n d it is e x p e ct e d 
t h at a l e ar ni n g c ur v e will b e s e e n i n t h e t as k p erf or m a n c e ti m es as t h e e n gi n e ers i n v ol v e d 
b e c o m e m or e f a mili ar wit h t h e pr o c ess a n d p erf or m f ast er as s kill l e v el a n d c o nfi d e n c e 
i n cr e as e. T he ti m e diff er e n c e b et w e e n n o vi c e a n d e x p ert t as k p erf or m ers is w ell 
d o c u m e nt e d i n h u m a n p erf or m a n c e lit er at ur e, a n d it is c o m m o n f or e x p erts t o p erf or m u p 
t o 4 0 % f ast er t h a n n o vi c e s f or pr o c e d ur e- b as e d s kills (J u d ki ns et al., 2 0 0 8; Wi e d e n b e c k, 
1 9 8 5; L a z o n d er et al., 2 0 0 0) . T h er ef or e, m ost li k el y t his ti m e will d e cr e as e f or t h e m o d el-
b as e d pr o c ess b as e d s ol el y o n s kill a c q uisiti o n  o v er ti m e. I n r es p o ns e t o t his o bs er v ati o n, 
a s e c o n d it er ati o n of t his us e c as e f or t h e m o d el -b a s e d r ef er e n c e m at eri al w as c o m pl et e d 
a n d a w or kl o a d m o d el w as g e n er at e d fr o m t h e d at a c oll e ct e d.  Alt h o u g h t h e r es ulti n g d at a 
w as n ot us e d i n t h e o v er all w or kl o a d a n d ti mi n g a n al ysis, Fi g ur e 4- 7  d e pi ct s t h e d at a 
fr o m t his a cti vit y a n d c o m p ar es it t o t h e first it er ati o n d e m o nstr ati n g t h e diff er e n c e 
b et w e e n t h e n o vi c e a n d e x p ert i n t h e cr e ati o n of t h e p art d efi ni n g m o d el (f ull P MI).  
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Fi g ur e 4- 7 E x p ert v s N o vi c e W or kl o a d a n d Ti m e f or Pr o d u ct D efi niti o n . 



3 4 

T his p a g e i nt e nti o n all y l eft bl a n k.  
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4. 2.  U s e C a s e 2: C e rtif y P r o d u ct D efi niti o n  

4. 2. 1.  D e s c ri pti o n  

T his us e c as e i n cl u d es t h e a cti viti es ass o ci at e d wit h i ns p e cti n g t h e Cr e o  m o d el m a n u all y, r u n ni n g 
C A DI Q ® t o a n al y z e t h e m o d el, usi n g F e at ur e -B a s e d T ol er a n c e t o a n al y z e t h e P ar as oli d ® m o d el, 
t h e n fi n all y cr e ati n g t h e 3-Di v t h at will b e us e d f or t h e m a n uf a ct uri n g. T his p art of t h e pr o c ess is 
us e d t o e ns ur e t h at t h e m o d el c o nt ai ns all n e c ess ar y i nf or m ati o n a n d t h at t h e g e o m etr y is c orr e ct 
t o e ns ur e t h e m a n uf a ct ur a bilit y of t h e p art. 

F or t h e tr a diti o n al dr a wi n g- b as e d a p pr o a c h, t h e pri m ar y  c h e c k of t h e pr o d u ct d efi niti o n i n v ol v es 
r e vi e wi n g t h e 2 D dr a wi n g (i. e., P D F ) f or s h a p e a n d G D & T.  Si n c e t h e 2 D dr a wi n g is g e n er at e d 
fr o m a s o ur c e m o d el (i. e., Cr e o n ati v e m o d el), f or a Cr e o m o d el it m a y or m a y n ot b e c h e c k e d 
f or a gr e e d d esi g n a n d b u si n es s pr a cti c es usi n g a P T C ® t o ol c all e d M o d el C h e c k™. F or t h e M A P-
R pr oj e ct i nst a n c e, t h e Pr o d u ct R e ali z ati o n T e a m ( P R T ) c o n d u ct e d t h e c ertif y pr o d u ct d efi niti o n 
a cti vit y wit h fi v e f ull ti m e e q ui v al e nts ( F T E) r e vi e wi n g t h e 2 D dr a wi n g 1 3 h o urs e a c h ( 6 5 
h o urs).  U p o n c o n cl usi o n of t his r e vi e w, t h e P R T d e e m e d it a p pr o v e d f or e n gi n e eri n g r el e as e f or 
f a bri c ati o n. 

F or t h e n e w m o d el- b as e d e nt er pris e p ar a di g m, t h e m o d el w o ul d b e c o m e t h e p art- d efi ni n g m o d el; 
t h er ef or e, t h e m o d el w as c h e c k e d.  F or t h e M A P- R pr oj e ct, t his i n v ol v e d r u n ni n g M o d el C h e c k t o 
c o nfir m t h at N S E d esi g n a n d b usi n ess pr a cti c es w er e b ei n g f oll o w e d.  M or e i m p ort a ntl y, t h e 
s o ur c e m o d el (i. e., Cr e o n ati v e m o d el) w as g e o m etr y- c h e c k e d b y r u n ni n g t h e C A DI Q t o ol.  N e xt 
t h e m o d el’s P MI w as a n al y z e d b y K C N S C’s F e at ur e-B as e d T ol er a n ci n g A d vis or ( F B T ol) t o ol 
a n d t h e P MI. T his p art of t h e pr o c ess is us e d t o e n s ur e t h at t h e m o d el c o nt ai ns all n e c ess ar y 
i nf or m ati o n a n d t h at t h e g e o m etr y is c orr e ct t o e n s ur e t h e m a n uf a ct ur a bilit y of t h e p art. 

4. 2. 2.  Dr a wi n g -B a s e d a n d M o d el -B a s e d Diff e r e n c e s  

T h er e w as a diff er e n c e b et w e e n t h e t w o a cti viti es. T h e e n gi n e ers usi n g t h e tr a diti o n al 2 D 
dr a wi n g r ef er e n c e m at eri al s p e nt m u c h ti m e r e vi e wi n g t h e 2 D dr a wi n g f or b ot h t h e s h a p e, 
G D & T, a n d  n ot es.  F or t h e n e w m o d el- b as e d e nt er pris e p ar a di g m, m o d el- b as e d t o ols s u c h as t h e 
C A DI Q m o d el c h e c k er a n d F B T ol w er e utili z e d pri or t o t h e ( h u m a n) r e vi e w f or 
m a n uf a ct ur a bilit y a n d G D & T n ot ati o n al c o m pli a n c e t o st a n d ar ds. 
 
T h e C A DI Q g e o m etr y c h e c k er b e c a m e a k e y b e n efit f or t h e M B E pr o c ess.  O n c e t h e M B D w as 
c o m pl et e d, C A DI Q w as r u n a g ai nst t h e m o d el a n d wit hi n a f e w mi n ut es, t w o criti c al g e o m etr y 
iss u es w er e i d e ntifi e d t h at wer e  miss e d b y t h e 6 5 + h o ur 2 D dr a wi n g r e vi e w.  O n e  iss u e w as t h at 
a . 0 0 9 ” t hi n w a ll (t hi c k n e ss of al u mi n u m f oil) w as i d e ntifi e d. T his  was  si g nifi c a nt e n o u g h t h at 
t h e d esi g n s h a p e w as m o difi e d t o miti g at e t h e iss u e. 
  



3 6 

4. 2. 3.  H u m a n F a ct or s D at a  

4. 2. 3. 1.  W or kl o a d M o d el s C o m p ari s o n  

Fi g ur e 4- 8   a n d  Fi g ur e 4- 9  dis pl a y t h e w or kl o a d gr a p h a n d ti m e at w or kl o a d l e v els f or t h e 
C ertif y Pr o d u ct D efi niti o n us e c as e.  T his d at a is pr es e nt e d f or p ost erit y a n d w as i n cl u d e d i n b ot h 
pr o c ess es, as pr es e nt e d h er e , a n d i n t h e o v er all w or kl o a d a n al ys es dis c uss e d i n S e cti o n 3. 4 . 

 

Fi g ur e 4- 8 C ertif y Pr o d u ct D efi niti o n – W or kl o a d M o d el . 

 
Ti m e at W or kl o a d L e v el f or C ertif y Pr o d u ct D efi niti o n –  Dr a wi n g a n d M o d el  

L o w  M e d  Hi g h  

0 -1 4  1 5 -1 8  1 9 - 2 1  

1: 2 5: 3 5  0: 0 3: 3 0  5: 3 0: 0 0  
 

 

Fi g ur e 4- 9 Ti m e at W or kl o a d L e v el s f or C ertif y Pr o d u ct D efi niti o n . 

4. 2. 3. 2.  S ur v e y D at a  

S ur v e y d at a w as n ot c oll e ct e d o n t his pr o c ess ; h o w e v er, t h e i nt er vi e w e d e n gi n e er di d n ot r e p ort 
a n y c o n c er ns o v er t h e eff ort r e q uir e d t o p erf or m t h e t as ks ass o ci at e d wit h t his us e c as e.  
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4. 2. 4.  A cti viti e s a n d E rr or s  

W hil e a g o o d p orti o n of t h e w or k i n v ol v e d i n t his us e c as e is a ut o m at e d, h u m a n- i n-t h e-l o o p 
a n al ysis of t h e a ut o m ati c all y g e n er at e d d at a is r e q uir e d.  T h es e t as ks c o nsist of r e vi e wi n g iss u es 
fl a g g e d b y t h e s oft w ar e t o d et er mi n e if t h e y ar e i n d e e d tr ul y iss u es or f als e p ositi v es.  F or m ost 
si m pl e p arts , t h e s oft w ar e will fi n d a n y w h er e fr o m 2 t o 5 iss u es, b ut it c o ul d b e as hi g h as 2 0 or 
3 0 iss u es f or m or e c o m pl e x p art s.  H o w e v er, all of t h es e n e e d t o b e r e vi e w e d b y a n e n gi n e er t o 
filt er o ut t h e f als e p ositi v es, w hi c h ar e us u all y m ost of t h e iss u es.  All iss u es f o u n d a n d v erifi e d 
m ust b e fi x e d, a n d t his pr o c e ss is a c c o m plis h e d  b y  g e n er at i n g a Pr o d u ct C h a n g e, f o u n d i n Us e 
C as e 5: Dis p ositi o n Pr o d u ct C h a n g e . 

4. 2. 5.  Fi n di n g s of N ot e  

T h e n e w m o d el- b as e d p ar a di g m all o ws e arl y d et e cti o n of iss u es b ef or e e n gi n e eri n g r el e as e. 
T h er e w as a n iss u e dis c o v er e d i n t h e M A P - R p art t hr o u g h t h e c o m pl eti o n a n al ys es i n v ol v e d wit h 
t his us e c as e.  Ess e nti all y, o n e of t h e f e at ur es h a d a w all t h at w as e xtr e m el y t hi n.  F ort u n at el y, 
t h e m o d el-b as e d  p ar a di g m all o w e d t h e P R T t o fi n d t his b ef or e e n gi n e eri n g r el e as e , a n d t h e 
s ol uti o n w as i d e ntifi e d a n d i m pl e m e nt e d r el ati v el y q ui c kl y. 
 

 
Fi g ur e 4- 1 0  C A DI Q A n al y si s of T hi n W all I s s u e.  
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T his p a g e i nt e nti o n all y l eft bl a n k.  
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4. 3.  U s e C a s e 3: Cr e at e L O T A R E q ui v al e nt Fil e s  

4. 3. 1.  D e s c ri pti o n  

T his us e c as e i n v ol v es pr e p ari n g a n d t h e n m er gi n g all m at eri als a n d fil es f or l o n g-t er m ar c hi v al 
a n d r etri e v al ( L O T A R).  F or t h e tr a diti o n al dr a wi n g- b as e d a p pr o a c h , L O T A R w as a c c o m plis h e d  
t hr o u g h a 2 D st ati c dr a wi n g i n P D F  f or m at a n d S T E P A P 2 0 3 f or t h e s u p p ort m o d el ( g e o m etr y 
o nl y).  F or t h e n e w m o d el- b as e d e nt er pris e p ar a di g m, usi n g r e c e ntl y a p pr o v e d S T E P A P 2 4 2 w as 
i d e ntifi e d as t h e L O T A R of r e c or d.  T his s e cti o n  di s c uss es  t h e t as ks p erf or m e d a n d t h e w or kl o a d 
m o d el cr e at e d ; h o w e v er, n o diff er e n c es b et w e e n t h e t w o t as ks w er e o bs er v e d.  

4. 3. 2.  Dr a wi n g -B a s e d a n d M o d el -B a s e d Diff e r e n c e s  

T h er e ar e n o diff er e n c es f or t his us e c as e b et w e e n t h e t w o pr o c ess es.  

4. 3. 3.  H u m a n F a ct or s D at a  

4. 3. 3. 1.  W or k l o a d M o d el s C o m p ari s o n 

Fi g ur e 4- 1 1  a n d  Fi g ur e 4- 1 2  dis pl a y t h e w or kl o a d gr a p h a n d ti m e at w or kl o a d l e v els f or t h e 
L O T A R us e c as e.  T his d at a w a s pr es e nt e d f or p ost erit y a n d w as i n cl u d e d i n b ot h pr o c ess es , as 
pr es e nt e d h er e, i n t h e o v er all w or kl o a d a n al ys es dis c uss e d i n S e cti o n  3. 4 . 

 

Fi g ur e 4- 1 1  Cr e at e L O T A R E q ui v al e nt Fil e s  –   W or kl o a d M o d el . 
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Ti m e at W or kl o a d L e v el f or Cr e at e L O T A R E q ui v al e nt Fil e s –  Dr a wi n g a n d M o d el  
L o w  M e d  Hi g h  

0 -1 4  1 5 -1 8  1 9 - 2 1  

0: 0 0: 5 5  0: 1 2: 0 0  0: 0 2: 0 0  
 

 

Fi g ur e 4- 1 2  Ti m e at  W or kl o a d L e v el s f or Cr e at e L O T A R E q ui v al e nt Fil e s .  

A n al ysi s of t his d at a d o e s d e m o nstr at e r el ati v el y hi g h l e v els of w or kl o a d f or bri ef p eri o ds of 
ti m e, b ut t h e a m o u nt of ti m e s p e nt i n t h e hi g h w or kl o a d c o n diti o n is mi ni m al ( 2 mi n ut es), a n d 
t h e o v er all t as k e x e c uti o n ti m e of 1 4 mi n ut es a n d 5 5 s e c o n ds mi ni mi z es t h e c o n c er n of m e nt al 
f ati g u e i n d u c e d err ors. 

4. 3. 3. 2.  S ur v e y D at a  

N o n e of t h e s c or es o n t h e N A S A T L X, f or t h e t as k s of t his us e c as e, w er e 7 5 or o v er ( hi g h 
w or kl o a d); h o w e v er , t h e first t as k ( “ S a v e fil e as A P 2 4 2 ”) w as c o m p ar ati v el y hi g h er t h a n t h e 
ot h ers (s c or e of 6 8). T his m a y p oi nt t o t h e n e e d t o a n al y z e w h et h er t h e r e q uir e d t as k st e ps 
d e cr e as e diffi c ult y, b ut c o ul d als o b e d u e t o s kill l e v el. C o n v ers el y, t h er e w er e s o m e l o w s c or es 
o n t h e S A R T f or t h e first 3 t as ks, “ S a v e fil e as A P 2 4 2 ” = 2; “ E dit  h e a d er fil e ” = -2; “ R e vi e w 
fil es a n d h e a d er ” = 8. T hi s g e n er all y m e a ns t h at t h e i n di vi d u al p erf or mi n g t h e t as ks is f ull y 
e n g a g e d, wit h littl e t o n o a bilit y t o dir e ct att e nti o n els e w h er e. As dis c uss e d i n s e cti o n 3. 4. 2  t his 
c o ul d l e a d t o m or e m e nt al f ati g u e i n d u c e d err ors o v er ti m e. S e e s e cti o n 4. 3. 5  f or m or e 
i nf or m ati o n. 

4. 3. 4.  A cti viti e s a n d E rr or s  

F or t his us e c as e, t h er e w er e a n u m b er of acti viti es t h at t h e i nt er vi e w e d d esi g n er i n di c at e d w er e 
c h all e n gi n g a n d s u bs e q u e ntl y c o ul d b e i m pr o v e d f or t h e s a k e of pr e v e nti n g err ors w h e n t h es e 
t as ks ar e b ei n g p erf or m e d r e p e at e dl y.   

•  F or t h e first t as k , “ S a v e fil e as A P 2 4 2 ,” t his w as t h e first ti m e it w as e x e c ut e d wit h C r e o 
4.  S o, t h er e w as a l e ar ni n g c ur v e, b ut als o s o m e p ar a m et er s el e cti o ns r e q uir e d t o e ns ur e 
t h e fil e s a v es c orr e ctl y.  T h es e s el e cti o ns w er e n ot a bl e t o b e s a v e d i n t h e s oft w ar e, a n d 
t h us w o ul d h a v e t o b e do n e e v er y ti m e a fil e is s a v e d.   

•  T h er e is a m a n u al t e xt e ntr y a cti vit y r e q uir e d w h e n t h e d esi g n er n e e ds t o e dit t h e h e a d er 
fil e f or t h e s e c o n d t as k of t h e us e c as e.  As wit h pr e vi o us us e c as es, t h er e ar e a n u m b er of 
pl a c es w h er e t h e d esi g n er n e e ds t o h a n d-t y p e c o pi e d i nf or m ati o n fr o m a n ot h er s o ur c e.  
T his t y p e of a cti vit y c arri es  wit h it a n el e v at e d  r at e of err or. 
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4. 3. 5.  Fi n di n g s of N ot e  

As m e nti o n e d a b o v e, it w o ul d b e n efit t his us e c a s e if t w o t hi n gs c o ul d b e c h a n g e d t o r e d u c e t h e 
li k eli h o o d of err ors.   
 

•  D et er mi n e h o w t o s a v e t h e s el e ct a bl e p ar a m et ers f or g e n er ati n g t h e A P 2 4 2 fil e.  T his 
w o ul d str e a mli n e t his us e c as e a n d mi ni mi z e err or s ass o ci at e d wit h i n c orr e ctl y s a vi n g t h e 
fil e. 

•  A n al y z e t h e m a n u al d at a c o p yi n g t as k a n d d et er mi n e if it  is a bl e t o b e a ut o m at e d.  
A ut o m ati o n c o ul d gr e atl y r e d u c e or eli mi n at e t h e li k eli h o o d of tr a ns cri pti o n err ors.   
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T his p a g e i nt e nti o n all y l eft bl a n k.  
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4. 4.  U s e C a s e 4 : A ut h ori z e P r o d u ct D efi niti o n 

4. 4. 1.  D e s c ri pti o n  

T his us e c as e  i n v ol v es t w o pri m ar y t as ks.  T h e first t as k i n v ol ves cr e a ti n g t h e C o m pl et e 
E n gi n e eri n g R el e as e ( C E R). T h e s e c o n d t as k, a n d t h e b ul k of t his us e c as e, i n cl u d es t h e a cti viti es 
of a n al y zi n g all m at eri als  r ef er e n c e d i n t h e C E R, f or t h eir a ut h ori z e d us e t o pr o d u ct t h e p art a n d 
r el e as e t o l o n g-t er m ar c hi v al a n d r etri e v al ( L O T A R).  D at a w as c oll e ct e d a n d c o m p ar e d f or b ot h 
of t h es e t as ks f or b ot h pr o c ess es. 

4. 4. 2.  Dr a wi n g -B a s e d a n d M o d el -B a s e d Diff e r e n c e s  

T h e pri m ar y diff er e n c es b et w e e n t h e dr a wi n g - b as e d a n d m o d el-b as e d pr o c ess es f or t his us e c as e 
i n v ol v e cr e atin g  a b as eli n e f or t h e m o d el -b as e d pr o c ess , c o m pl eti n g t h e t a s ks ass o ci at e d wit h 
p e er r e vi e wi n g , a n d m ai nt ai ni n g c o ntr ol of t h e dr a wi n g s et f or t h e dr a wi n g- b as e d pr o c ess. T h e 
p e er r e vi e w pr o c ess i n cl u d es ti m e -i nt e nsi v e a cti viti es a n d n u m er o us m a n u al r e vi e w t as ks t h at ar e 
n ot n e e d e d wit h t h e m o d el- b as e d pr o c ess.  

4. 4. 3.  H u m a n F a ct or s D at a  

4. 4. 3. 1.  W or kl o a d M o d el s C o m p ari s o n  

Fi g ur e 4- 1 3  a n d  Fi g ur e 4- 1 4  d e pi ct t h e w or kl o a d m o d els f or t h e “ Cr e at e C E R ” t as k f or t his us e 
c as e.  A c o m p aris o n of t h es e m o d els s h o ws t h at t h e y ar e r el ati v el y si mil ar , wit h t h e m o d el-b as e d 
t as k t a ki n g sli g htl y l o n g er t o i n cl u d e cr e ati o n of t h e b as eli n e.  A g ai n, as wit h m a n y ot h er t as ks i n 
t his o v er all pr o c ess, t h er e ar e i nst a n c es w h er e t h e e n gi n e er n e e ds t o m a n u all y c o p y i nf or m ati o n 
fr om o n e it e m t o a n ot h er.  T h es e i nst a n c es ar e w h er e t h e ir w or kl o a d w as t h e hi g h est.  
F urt h er m or e, Fi g ur e 4- 1 5  dis pl a ys t h e ti m e i n w or kl o a d l e v els f or t h e cr e at e C E R t as k. 

 

 

Fi g ur e 4- 1 3  Cr e at e C E R – Dr a wi n g -B a s e d W or kl o a d M o d el . 
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Fi g ur e 4- 1 4  Cr e at e C E R – M o d el -B a s e d W or kl o a d M o d el . 

 
Ti m e at W or kl o a d L e v el f or Cr e at e C E R - Dr a wi n g  

L o w  M e d  Hi g h  

0 -1 4  1 5 -1 8  1 9 - 2 1  

0: 1 9: 4 5  0: 2 4: 0 0  0: 0 0: 0 0  
 

Ti m e at W or kl o a d L e v el f or Cr e at e C E R –  M o d el  

 
L o w  M e d  Hi g h  

0 -1 4  1 5 -1 8  1 9 - 2 1  

0: 1 9: 3 0  0: 2 7: 0 0  0: 0 0: 0 0  
 

 

Fi g ur e 4- 1 5  Ti m e at W or kl o a d L e v el s f or Cr e at e C E R . 

Fi g ur e 4- 1 6  a n d Fi g ur e 4- 1 7  d et ail t h e w or kl o a d m o d els f or b ot h pr o c ess e s.  T h e o v er all l e v el of 
w or kl o a d w as si mil ar f or b ot h t h e dr a wi n g- b as e d a n d m o d el- b as e d pr o c ess es.  H o w e v er, t h e 
dr a wi n g - b as e d pr o c ess di d t a k e l o n g er t h a n t h e m o d el- b as e d pr o c ess, a n d a p p ar e nt wit hi n t h e 
gr a p h f or t h e m o d el- b as e d pr o c ess ar e t hr e e l ar g e w or kl o a d s pi k es.  T h es e s pi k es ar e ass o ci at e d 
wit h t h e m a n u al i ns p e cti o n t as ks of t h e m at eri als dr a wi n g -b as e d pr o c ess r e vi e w m at eri als.  It 
m a y b e p ossi bl e t o miti g at e t h es e wit h a ut o m ati o n, b ut w o ul d r e q uir e f urt h er a n al ysis. 
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Fi g ur e 4- 1 6  A ut h ori z e Pr o d u ct D efi niti o n – Dr a wi n g -B a s e d W or kl o a d M o d el . 

 
 

Fi g ur e 4- 1 7  A ut h ori z e Pr o d u ct D efi niti o n – M o d el -B a s e d W or kl o a d M o d el . 

 

Fi g ur e 4- 1 8  f urt h er d o c u m e nts t h e diff er e n c es b et w e e n t h e t w o pr o c ess es r e g ar di n g ti m e at 
w or kl o a d l e v el. 
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Ti m e at W or kl o a d L e v el f or A ut h ori z e Pr o d u ct D efi niti o n - Dr a wi n g  
L o w  M e d  Hi g h  

0 -1 4  1 5 -1 8  1 9 - 2 1  

0: 0 5: 1 5  0: 0 0: 0 0  4: 4 2: 0 5  
 

Ti m e at W or kl o a d L e v el f or A ut h ori z e Pr o d u ct D efi niti o n – M o d el  

L o w  M e d  Hi g h  

0 -1 4  1 5 -1 8  1 9 - 2 1  

0: 0 0: 1 5  0: 0 0: 0 0  2: 1 2: 0 5  
 

 

Fi g ur e 4- 1 8  Ti m e at W or kl o a d L e v el s f or A ut h ori z e Pr o d u ct D efi niti o n . 

 

Fi g ur e 4- 1 8  s h o ws t h at t h e dr a wi n g-b as e d pr o c ess r e q uir es m or e ti m e i n t h e hi g h w or kl o a d 
c o n diti o n d u e t o m or e c o g niti v el y d e m a n di n g t as k s b ei n g e x e c ut e d o v er l o n g er p eri o ds of ti m e.  
M or e d et ail o n t h e a cti viti es a n d diff er e n c es f or t h es e t as ks c a n b e f o u n d i n s e cti o ns 4. 4. 4  a n d 
4. 4. 5 . 

4. 4. 3. 2.  S ur v e y D at a  

T h e r es ult s of t h e N A S A T L X s ur v e y i n di c at e d t h at n o n e of t h e t as ks p erf or m e d, f or eit h er of t h e 
pr o c ess es, w er e hi g h w or kl o a d.  R es ults fr o m t h e S A R T s ur v e y a gr e e d wit h t h e T L X i n t h at t h e 
o v er all l e v el of S A w as f airl y hi g h w hil e p erf or mi n g all us e c as e t as ks  f or b ot h pr o c ess es.  

4. 4. 4.  A cti viti e s a n d E rr or s  

T his us e c as e, f or b ot h pr o c ess es , i n cl u d es a cti viti es t h at c o ul d eli cit a hi g h n u m b er of err ors 
w h e n p erf or m e d r e p e at e dl y o v er ti m e.  A n y a cti vit y i n v ol vi n g c o m p ari n g a n d cr oss- r ef er e n ci n g 
d at a m a n u all y will i ntr o d u c e a n i n cr e as e i n t h e p o ssi bl e err ors t h at c a n b e c o m mitt e d ( 1 - 2 %, 
M el c h ers & H arri n gt o n , 1 9 8 2).  F or t h e dr a wi n g-b as e d pr o c ess, t h er e w er e i nst a n c es t h at 
r e q uir e d t h e d o c u m e nt c o ntr ol s p e ci alist t o r e vi e w a n d cr oss-c h e c k  i nf or m ati o n fr o m o n e s o ur c e 
pr o d u ct t o a n ot h er.  T h es e w er e: 
 

•  E x a mi n e t h e D r a wi n g T r a nsf er E n gi n e eri n g R el e a s e ( D T E R). D uri n g t his pr o c ess t h e 
d o c u m e nt c o ntr ol s p e ci alist r e vi e w t h e E A t o e ns ur e S N L h as m ai nt e n a n c e of t h e pr o d u ct 
d efi niti o n  a n d e ns ur e all dr a wi n gs list e d o n t h e C o m pl et e E n gi n e eri n g R el e as e ( C E R) ar e 
r el e as e d i n t o I M S a n d t h at t h e n u m b ers a n d titl es ar e c orr e ct. T h er e is a n el e v at e d c h a n c e 
of err or h er e d uri n g t his p r o c ess, a n d i n f a ct, a n err or w as m a d e mist y pi n g a v al u e i n a 
t e xt fil e d uri n g t his pr o c e ss.  T his l e n ds m or e cr e d e n c e t o t h e n e e d f or a ut o m ati o n of t e xt 
c o p yi n g a cr oss fil es i n t h e pr o c ess.  

•  I ns p e ct dr a wi n gs/ m o d els.  D uri n g t his a cti vit y t h e d o c u m e nt c o ntr ol s p e ci alist  m ust 
e x a mi n e e a c h dr a wi n g a n d/ or di git al m o d el t o e ns ur e t h e y ar e c o m pl et e.  It is a l e n gt h y 
m a n u al i ns p e cti o n pr o c ess a n d i n cl u d es a n el e v at e d c h a n c e of err or. 

 
T h es e t as ks ar e n ot n e e d e d f or t h e m o d el- b as e d pr o c ess a n d t h er ef or e r e d u c e t h e o v er all 
w or kl o a d.  F or t h e dr a wi n g- b as e d pr o c ess, it is n ot i m m e di at el y a p p ar e nt h o w t his us e c as e c o ul d 
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b e m o difi e d t o r e d u c e or eli mi n at e t h e hi g h w or kl o a d i ns p e cti o n a cti viti es fr o m b ei n g p erf or m e d 
m a n u all y.  It is p ossi bl e t h at t h e y c o ul d b e c o m e a ut o m at e d i n t h e f ut ur e, b ut h o w t his is d o n e 
pr e cis el y n e e ds t o b e p art of a f oll o w- o n e v al u ati o n.  
 

4. 4. 5.  Fi n di n g s of N ot e  

D uri n g t h e et h n o gr a p hi c i nt er vi e ws f or t his us e c a s e, t h er e w er e a n u m b er of fi n di n gs g e n er at e d 
t h at l e n d i nsi g ht i nt o its c h all e n g es. T h e list b el o w pr o vi d es t h es e fi n di n gs a n d dis c uss es p ossi bl e 
miti g ati o ns.  
 

•  T h e i nt er vi e w e d pr o d u ct d efi niti o n s p e ci alist r e p ort e d t h at t h er e w er e a l ar g e n u m b er of 
b a c kl o g g e d C E R s a n d t h at it is a n e v er- e n di n g str e a m of w or k f or t h e i ns p e cti n g 
s p e ci alists. T his l e n ds cr e d e n c e t o t h e n e e d f or a ut o m ati o n wit hi n t his pr o c ess, b ut h o w t o 
i m pl e m e nt s u c h a ut o m ati o n n e e ds t o b e d et er mi n e d c ar ef ull y t hr o u g h f oll o w- u p st u di es. 

•  T h e l ar g e a m o u nt o f m a n u al c o m p aris o n t as ks i n t h e dr a wi n g-b as e d pr o c es s f or t his us e 
c as e c o ul d l e a d t o i n cr e as e d c h a n c es of err or. W hil e t h er e ar e f e w er of t h es e t y p es of 
a cti viti es f or t h e m o d el - b as e d pr o c ess, a ut o m ati n g t h es e t y p es of t as ks w o ul d h el p e v e n 
f urt h er. H o w ev er, h o w t his t as k c a n b e a ut o m at e d s h o ul d b e a n al y z e d s e p ar at el y. 
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T his p a g e i nt e nti o n all y l eft bl a n k.  
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4. 5.  U s e C a s e 5: Di s p o siti o n P r o d u ct C h a n g e  

4. 5. 1.  D e s c ri pti o n  

T his us e c as e i n v ol v es t h e a cti viti es ass o ci at e d wit h d o c u m e nti n g a n d dis p ositi o ni n g c h a n g es, 
b ot h b ef or e a n d aft er a n e n gi n e eri n g r el e as e i niti at e d b y  a pr o d u ct c h a n g e r e q u est . 

4. 5. 2.  Dr a wi n g -B a s e d a n d M o d el -B a s e d Diff e r e n c e s  

F or t h e m o d el- b as e d pr o d u ct d efi niti o n, b ot h s h a p e a n d P MI w er e  c h e c k e d b ef or e e n gi n e eri n g 
r el e as e.  C A DI Q w as us e d t o c h e c k t h e m o d el a n d F B T ol w as us e d t o c h e c k t h e P MI.  B ot h t o ols 
d et e ct e d iss u es t h at w er e c orr e ct e d b ef or e e n gi n e er r el e as e.  T his s a v e d ti m e a n d m o n e y as iss u es 
w er e i d e ntifi e d e arl y a n d w er e m or e aff or d a bl e t o c orr e ct. F urt h er o n, b ot h t h e dr a wi n g- b as e d 
a n d m o d el- b as e d r e q uir e d s o m e e n gi n e eri n g c h a n g es.  T h e tr a diti o n al dr a wi n g- b as e d 
e x p eri e n c e d a n  A d v a n c e d C h a n g e Or d er (A C O ) t h e n Fi n al C h a n g e Or d er ( F C O ), w h er e as t h e 
m o d el- b as e d M A P - R p ar a di g m e x p eri e n c e d t w o F C Os. F or K C N S C, t h e d o c u m e nt e d ti m e 
t o w ar d r e vi e wi n g dis p ositi o n of t h e pr o d u ct c h a n g e is as s h o w n i n T a bl e 4- 1 . 
 
T a bl e 4- 1 Di s p o siti o n Pr o d u ct C h a n g e Ti mi n g D at a . 

Tr a diti o n al Dr a wi n g -B as e d  M o d el -B as e d ( M A P -R) P ar a di g m  

n/ a  6. 5 8 h o urs  

 

4. 5. 3.  H u m a n F a ct or s D at a  

H u m a n f a ct ors d at a w as u n a bl e t o b e c oll e ct e d f or t his us e c as e.  

4. 5. 4.  A cti viti e s a n d E rr or s  

N o  err ors w er e r e c or d e d or o bs er v e d f or t his us e c as e.  

4. 5. 5.  Fi n di n g s of N ot e  

N o si g nifi c a nt pr o c ess fi n di n gs of n ot e w er e u n c o v er e d d uri n g t his us e c as e.  
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T his p a g e i nt e nti o n all y l eft bl a n k.  
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4. 6.  U s e C a s e 6: Pr e p a r e f or M a n uf a ct uri n g  

4. 6. 1.  D e s c ri pti o n  

T his us e c as e i n v ol v es t h e pr o c ess pl a n ni n g a cti viti es ass o ci at e d wit h a p ur c h as e  pr o c ess 
e n gi n e er at K C N S C f a bri c ati n g t h e p art.  T h e P r e p ar e f or M a n uf a ct uri n g us e c as e st art e d wit h a 
K C N S C pr o c ess m e eti n g i n v ol vi n g t h e pr o c ess, p ur c h as e, a n d q u alit y e n gi n e er.  Si n c e t h e M A P-
R p arts w er e t o b e tr e at e d as a W ar R es er v e  ( W R) pr o d u ct, t h e pr o c ess n e e d e d t o est a blis h 
d e m a n d wit hi n t h e K C N S C b usi n ess s yst e m t o pr o d u c e a p art.  O n c e t h e d e m a n d w as i n pl a c e, 
t h e pr o d u ct d efi niti o n ( e. g., dr a wi n g or M B D) w a s r e vi e w e d a n d a d et er mi n ati o n w as m a d e t o 
p ur c h as e t h e pr o d u ct.  N e xt, t h e p ur c h as e e n gi n e er cr e at e d a n It e m S et u p a n d pr e p ar e d a 
P ur c h as e Pr o d u ct D efi niti o n ( P P D).  T h e P P D c o nt ai ns all p art - d efi ni n g dr a wi n gs a n d 
s p e cifi c ati o ns n e c ess ar y t o pr o d u c e a n d i ns p e ct t h e pr o d u ct at t h e v e n d or.  Fi n all y, t h e P P D w as  
r el e as e d t o t h e B u y er f or o bt ai ni n g a v e n d or t o f a bri c at e t h e p art.  O n c e a f a bri c ati o n v e n d or w as 
s el e ct e d, t h e v e n d or w as d e bri ef e d wit h first s u b mitt al of d efi niti o ns.  

4. 6. 2.  Dr a wi n g - ba s e d a n d M o d el - ba s e d Diff e r e n c e s  

T h e t w o pri m ar y diff er e n c e s f or t his us e c as e i n v ol v e w h i c h pr o d u ct d efi niti o n w as r e vi e w e d a n d 
w h at  c o nt e nt of t h e P P D w as  pr o vi d e d t o t h e B u y er a n d ulti m at el y t h e v e n d or.  F or t h e 
tr a diti o n al dr a wi n g- b as e d pr o c ess, t h e M L a n d A Y ( gr a p hi c) dr a wi n gs w er e r e vi e w e d b ef or e 
It e m S et u p.  F or t h e m o d el-b as e d p ar a di g m, a  3 D I nt er a cti v e Vi e w a bl e  (3 DI V ) w as r e vi e w e d 
b ef or e It e m S et u p.  F or t h e m o d el- b as e d P ur c h as e Pr o d u ct D efi niti o n ( P P D ), it w as d e ci d e d, 
b as e d u p o n t h e c urr e nt b usi n ess pr o c ess es of usi n g E n o vi a ™ t o m a n a g e t h e P P D, t o i ns ert t h e 
3 D T e c h ni c al D at a P a c k a g e ( T D P ) as c o nt e nt wit hi n t h e P P D.  T h e n t h e P P D c o ul d still b e 
m a n a g e d b y E n o vi a.  T hi s is a n o p p ort u nit y t o i m pr o v e t h e P P D pr o c ess i n f ut ur e M B E 
a cti viti es.  T a bl e 4- 2  s h o ws t h e ti m e c oll e ct e d f or t h e tr a diti o n al dr a wi n g -b as e d a p pr o a c h v ers u s 
t h e n e w M A P- R p ar a di g m a p pr o a c h. 

T a bl e 4- 2 Pr e p ar e f or M a n uf a ct uri n g Ti mi n g D at a . 

Tr a diti o n al Dr a wi n g -B as e d  M o d el -B as e d ( M A P -R) P ar a di g m  

8. 7 8 hrs  6. 5 6 hrs  

 

4. 6. 3.  H u m a n F a ct or s D at a  

H u m a n f a ct ors d at a w as u n a bl e t o b e c oll e ct e d f or t his us e c as e.  

4. 6. 4.  A cti viti e s a n d E rr or s  

N o si g nifi c a nt pr o c ess err ors w er e o bs er v e d or r e p ort e d d uri n g t his us e c as e.  

4. 6. 5.  Fi n di n g s of N ot e  

B ot h p ur c h as e e n gi n e er a n d v e n d or a p pr e ci at e d t h e P P D t h at c o nt ai n e d t h e n e c ess ar y d eri v ati v e 
m o d els a n d 3 DI V t o f a bri c at e t h e m o d el -b as e d M A P -R p arts.  
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T his p a g e i nt e nti o n all y l eft bl a n k.  
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4. 7.  U s e C a s e 7: Cr e at e D e ri v ati v e Fil e s f or M a n uf a ct uri n g  

4. 7. 1.  D e s c ri pti o n  

T his us e c as e i n v ol v e d o nl y t h e m o d el-b as e d pr o c ess.  T his us e c as e pr e p ar e d a n d v ali d at e d t h e 
n e c ess ar y  i nt er m e di at e a n d e n d d eri v ati v e m o d els fr o m t h e s o ur c e n ati v e m o d el f or K C N S C’s 
d o w nstr e a m a p pli c ati o ns. 

4. 7. 2.  Dr a wi n g -B a s e d a n d M o d el -B a s e d Diff e r e n c e s  

T his a cti vit y w as n ot p erf or m e d f or t h e tr a diti o n al dr a wi n g- b as e d a cti vit y si n c e n o a ut h ori z e d 
p art - d efi ni n g m o d el w as pr o vi d e d.  I n t his c as e, t h e a ut h ori z e d p art-d efi ni n g dr a wi n g w as 
pr o vi d e d as  a 2 D st ati c dr a wi n g i n P D F f or m at, a n d a S T E P A P 2 0 3 s h a p e m o d el w as pr o vi d e d.  

F or t h e m o d el- b as e d p ar a di g m, f o ur d eri v ati v e m o d els w er e cr e at e d  fr o m t h e Cr e o s o ur c e m o d el. 
T his m o d el w as p art of t h e pr o d u ct d efi niti o n b as eli n e t h at w as a ut h ori z e d i n t h e C E R.  T w o 
c o nsist e d of e n d d eri v ati v e m o d els. A P ar as oli d m o d el a n d A CI S ® m o d el w er e cr e at e d as 
si g nifi c a nt d o w nstr e a m a p pli c ati o ns ( e. g., c o m p ut er n u m eri c al c o ntr ol, c o or di n at e m e as ur e m e nt 
m a c hi n es, si m ul ati o n a n al ysis) t h at t y pi c all y us e P ar as oli d or A CI S as t h eir g e o m etr y k er n el of 
c h oi c e.  F urt h er m or e, a S T E P A P 2 0 3 i nt er m e di at e d eri v ati v e m o d el w as cr e at e d as b a c k u p  als o 
fr o m a Cr e o e x p o rt.  E a c h of t h es e w er e v ali d at e d usi n g C A DI Q t o m a k e s ur e t h at t h e y w er e 
e q ui v al e nt t o t h e s o ur c e Cr e o m o d el.  T h e n a m a n u al c ertifi c at e wit h el e ctr o ni c si g n at ur e w as 
cr e at e d t o c o nfir m t his e q ui v al e n c y a n d w as tr a c e a bl e b a c k t o t h e s o ur c e.  

Fi n all y , a 3 DI V fi n al d eri v ati v e m o d el w as cr e at e d wit h a n A n ar k C or e ™ w or kst ati o n.  T h e fi n al 
d eri v ati v e m o d el cr e at e d is pri m aril y f or h u m a n c o ns u m pti o n, it w as i n t h e f or m of a 3 D P R C 
P D F , a n d it c o nt ai ns b ot h s h a pe a n d t ol er a n c e i nf or m ati o n .  Fi g ur e 4- 1 9  ill u str at es t h e 3 DI V 
cr e a t e d f or t h e M A P-R pr oj e ct . 

 

Fi g ur e 4- 1 9  M A P -R 3 DI V . 
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T a bl e 4- 3  s h o ws t h e ti m e c oll e ct e d f or t h e tr a diti o n al dr a wi n g -b as e d a p pr o a c h v ers us  t h e n e w 
M A P - R p ar a di g m a p pr o a c h f or e a c h r el e as e d b as eli n e.  T w o b as eli n es w er e r el e as e d. 

T a bl e 4- 3 Cr e at e D eri v ati v e Fil e s f or M a n uf a ct uri n g  Ti mi n g D at a . 

Tr a diti o n al Dr a wi n g -B as e d  M o d el -B as e d ( M A P -R) P ar a di g m  

n/ a  1. 7 5 hrs  

 

4. 7. 3.  H u m a n F a ct or s D at a  

H u m a n f a ct ors d at a w as u n a bl e t o b e c oll e ct e d f or t his us e c as e.  

4. 7. 4.  A cti viti e s a n d E rr or s  

N o si g nifi c a nt pr o c ess err ors w er e o bs er v e d or r e p ort e d d uri n g t his us e c as e.  

4. 7. 5.  Fi n di n g s of N ot e  

T his us e c as e w as criti c al t o w ar ds est a blis hi n g tr ust i n t h e p art - d efi ni n g m o d el a n d c o ntri b ut e d 
t o w ar d o bt ai ni n g M B E M at urit y L e v el 2 – Tr ust e d M o d el- C e ntri c.  C h e c ki n g t h e s o ur c e m o d el 
(i. e., Cr e o N ati v e), cr e ati n g a p pr o pri at e d eri v ati v e m o d els, a n d e q ui v al e n c y v ali d ati o n.  

F urt h er m or e, cr e ati n g  t h e 3 DI V w as a k e y c o m p o n e nt of M B E M at urit y L e v el 3 – M o d el-B as e d 
D efi niti o n t h at w as pr o v e n a n attr a cti v e h u m a n us er e x p eri e n c e t o ol a n d w as r e c ei v e d w ell b y all 
w h o e n c o u nt er e d it. 
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4. 8.  U s e C a s e 8: P a c k a g e P r o d u ct D efi niti o n f or M a n uf a ct uri n g  

4. 8. 1.  D e s c ri pti o n  

T his us e c as e i n v ol v es t h e a cti viti es ass o ci at e d wit h pr e p ari n g a T e c h ni c al D at a P a c k a g e ( T D P) 
f or pr o d u ct r e ali z ati o n a n d pr o d u ct a c c e pt a n c e.   

T h e D e p art m e nt of D ef e ns e h as r el ati v el y r e c e ntl y d efi n e d a n e w st a n d ar d pr a cti c e, MI L -S T D -
3 1 0 0 0 A, f or c o m m u ni c ati n g 3 D pr o d u ct d at a wit hi n a t e c h ni c al d at a p a c k a g e.  M a n y vi e w t h at a 
3 D T D P is a k e y c o m p o n e nt f or m o d el- b as e d e nt er pris e.  

A 3 D T D P is ess e nti all y a p a c k a g e of pr o d u ct a n d pr o c ess d at a el e m e nts us e d f or a s p e cifi c 
p ur p os e.  F or t h e M A P- R pr oj e ct , its pur p os e w as st at e d as: C o nt ai ns m o d els a n d d o c u m e nts t h at 
s u p p ort t h e f a bri c ati o n a n d a c c e pt a n c e of pr o d u ct f or t h e M o d el A ut h ori z e d Pr o d u ct R e ali z ati o n 
( M A P-R) pr oj e ct.  

F or t h e M A P- R pr oj e ct, K C N S C cr e at e d a 3 D T D P. T his i n v ol v e d usi n g a 3 D T D P t e m pl at e, 
c o m pl eti n g t h e h e a d ers i nf or m ati o n, c h e c ki n g t h e a p pr o pri at e pr o d u ct d at a el e m e nt b o x es, 
cr e ati n g a . u 3 d P D F f or t h e 3 D vi e w a bl e, a n d t h e n att a c hi n g a n d d es cri bi n g t h e a p pr o pri at e T D P 
el e m e nts ( e. g., d eri v ati v e m o d els, 3 DI V, c ertifi c at es).  

T h e r es ulti n g 3 D  T D P i n v ol v e d a . p df c o nt ai n er.  T his 3 D T D P c o nsists of a c o v ers h e et a n d 
c o nt ai ns 3 D T D P el e m e nts.  O ur c o v ers h e et c o nt ai ns a h e a d er a gr e e d t o b y t h e N S E’s M BI T 
c o m m u nit y, s el e cti o n of d eli v er a bl e d at a pr o d u cts, ot h er ass o ci at e d it e ms, a n d a d y n a mi c 3 D 
vi e w of t h e pr o d u ct.  T h e att a c h m e nt c o nt ai ns t h e it e ms d e cl ar e d o n t h e c o v ers h e et , a n d f or t his 
i nst a n c e it i n cl u d e d t h e S T E P, P ar as oli d, a n d A CI S d eri v ati v e m o d els a n d t h eir r es p e cti v e 
d eri v ati v e m o d el e q ui v al e n c e c ertifi c at es.  

4. 8. 2.  Dr a wi n g -B a s e d a n d M o d el -B a s e d Diff e r e n c e s  

F or t h e tr a diti o n al dr a wi n g- b as e d a cti vit y, t h e c urr e nt P ur c h as e Pr o d u ct D efi niti o n ( P P D) s er v e d 
as a li mit e d t e c h ni c al d at a p a c k a g e.  F or t h e M A P - R e x p eri e n c e, K C N S C t o o k f ull a d v a nt a g e of 
t h e i d e a of c oll e cti n g t h e a p pr o pri at e pr o d u ct d at a el e m e nts ( e. g., d eri v ati v e m o d els, 3 DI V) 
wit hi n a si n gl e t e c h ni c al d at a p a c k a g e f oll o wi n g t h e N S E M BI T g ui d eli n es a n d K C N S C’s 
i m pl e m e nt ati o n.  T a bl e 4- 4  s h o ws t h e ti m es all o c at e d t o pr o d u c e a 3 D T D P f or M A P-R B as eli n e 
B a n d M A P- R B as eli n e C.  

T a bl e 4- 4 Pr o d u c e a 3 D T D P  Ti mi n g D at a . 

M A P -R B as eli n e B  2. 2 5 h o urs  

M A P -R B as eli n e C  2. 0 0 h o urs  
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4. 8. 3.  H u m a n F a ct or s D at a  

H u m a n f a ct ors d at a w as u n a bl e t o b e c oll e ct e d f or t his us e c as e. 

4. 8. 4.  A cti viti e s a n d E rr or s  

N o si g nifi c a nt pr o c ess err ors w er e o bs er v e d or r e p ort e d d uri n g t his us e c as e.  

4. 8. 5.  Fi n di n g s of N ot e  

Cr e ati n g  a 3 D T D P f or t h e p ur c h as e pr o d u ct is attr a cti v e.  It c o ul d r e pl a c e or a u g m e nt t h e c urr e nt 
pr a cti c e of a P ur c h as e Pr o d u ct D efi niti o n ( P P D) . 

F or t h e f ut ur e, o n c e o ur t e c h ni c al d at a el e m e nts ar e m a n a g e d a n d c o ntr oll e d wit hi n a p art- c e ntri c 
pr o d u ct lif e c y cl e m a n a g e m e nt s yst e m, a 3 D T D P c a n b e a ut o m ati c all y g e n er at e d b as e d u p o n a 
T D P m a nif est.  
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4. 9.  U s e C a s e 9 : M a n uf a ct ur e P a rt  

4. 9. 1.  D e s c ri pti o n  

T his us e c as e i n cl u d es all a cti viti es t h at ar e p art of t h e m a n uf a ct uri n g pr o c es s t o i n cl u d e bi d di n g, 
pl a n ni n g, m a c hi ni n g, a n d t h e n i ns p e cti n g t h e p art.  F or M A P- R, t h es e a cti viti es w er e b r o k e n i nt o 
o bs er v a bl e c h u n ks f or w hi c h w e c o ul d m a k e m e a ni n gf ul c o m p aris o ns.  It m ust b e n ot e d t h at 
diff er e nt m a n uf a ct ur ers – Gr a h a m a n d Ar u n d el – w er e us e d f or t h e dr a wi n g -b as e d ( Gr a h a m) a n d 
t h e m o d el-b as e d ( Ar u n d el) pr o c ess, a n d w hil e o v er all t h eir m a n ufa ct uri n g pr o c ess es w er e 
si mil ar, t h er e w er e i di os y n cr asi es t h at m ad e c o m p ari n g t h e m diffi c ult i n t er ms of w or kl o a d, a n d 
t h es e c h all e n g es ar e dis c uss e d .  T h e a cti viti es ass ess e d w er e br o k e n d o w n i n t h e f oll o wi n g 
m a n n er: c o ntr a ct r e vi e w, e n gi n e eri n g a n al ysis , t ur ni n g, milli n g, C o or di n at e Me as uri n g M a c hi n e 
( C M M) a n d i ns p e cti o ns. T h e diff er e n c es a n d si mil ariti es of t h es e a cti viti es ar e dis c uss e d i n d et ail 
b el o w.  

4. 9. 2.  Dr a wi n g -B a s e d a n d M o d el -B a s e d Diff e r e n c e s  

T h e m a n uf a ct uri n g pr o c e ss w as br o k e n d o w n i nt o si x diff er e nt a cti viti es t o all o w f or c o m p aris o n 
a cr oss c o m p a ni es.  T h e diff er e n c es a n d  si mil ariti es  of t h es e a cti viti es ar e  di s c uss e d b el o w. 

•  C o ntr a ct r e vi e w – b ot h c o m p a ni es w er e si mil ar.  

•  E n gi n e eri n g a n al ysis – f or Gr a h a m, e n gi n e eri n g a n al ysis i n cl u d e d b uil di n g t h e 
e n gi n e eri n g m o d els us e d f or m a n uf a ct uri n g, a n d e a c h i n di vi d u al m a c hi nist fill e d i n t h e 
d et ails f or t h eir r es p e cti v e m a c hi n es o n t h e fl o or.  T his diff er e d fr o m Ar u n d el w h er e t h e 
e n gi n e er w as r es p o nsi bl e f or or g a ni zi n g t h e m a c hi ni n g a cti viti es, t h e n pr o gr a m m ers 
cr e at e d t h e i niti al pr o gr a ms, a n d t h e m a c hi nists j ust r a n t h e m a c hi n es, f or t h e m ost p art. 

•  T ur ni n g – b ot h c o m p a ni e s w er e si mil ar ; h o w e v er, Gr a h a m h a d t h e m a c hi ni sts pr o gr a m 
o n t h e fl o or at t h eir m a c hi n es. 

•  Milli n g – s a m e as t ur ni n g.  

•  C M M – Gr a h a m pr o c ess e d C M M at t h e e n d of m a n uf a ct uri n g b ut b ef or e i ns p e cti o n, a n d 
as a fi nit e a cti vit y, w h er e as Ar u n d el i n cl u d e d t h e C M M e n gi n e er i n t h e c o ntr a ct u al 
pr o c ess, a n d t h e y pr o c ess e d C M M pi e c e m e al o v er t h e m a n uf a ct uri n g ti m eli n e.  

•  I ns p e cti o ns – b ot h c o m pa ni es w er e si mil ar.  

Als o w ort h n oti n g, a n d i ntri nsi c t o t his st u d y, t h e o v er all l e v el of t e c h n ol o g y e m pl o y e d b y e a c h 
c o m p a n y w as diff er e nt.  Gr a h a m g e n er all y us e d ol d er m a c hi n es a n d c o m p ut ers.  T h e y di d n ot 
h a v e t h eir m a c hi n es i nt e gr at e d i nt o a Wi -Fi  n et w o r k a n d h a d t o tr a nsf er pr o gr a ms wit h m e m or y 
sti c ks or m a c hi n e s p e cifi c c o n n e ct ors att a c h e d t o a c o m p ut er o n a c art .  C o n v ers el y, Ar u n d el h a d 
m or e m o d er n c o m p ut ers a n d m a c hi n es a n d h a d t h e m i nt e gr at e d i nt o a Wi -Fi  n et w or k o v er w hi c h 
t h e y tr a nsf err e d pr o gr a ms a n d m o d els.  H o w e v er, t h e si g nifi c a n c e of t h es e diff er e n c es o n t h e 
r es ults w as n ot a p p ar e nt eit h er t hr o u g h t h e et h n o gr a p hi c o bs er v ati o ns or t h e w or kl o a d d at a.  
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4. 9. 3.  H u m a n F a ct or s D at a  

4. 9. 3. 1.  W or kl o a d M o d el s C o m p ari s o n  

T hi s s e cti o n pr es e nts a n d c o m p ar e s t h e dr a wi n g - b as e d a n d m o d el-b as e d w or kl o a d m o d els f or 
e a c h of t h e s u b -a cti viti es f or t his us e c as e  a n d dis c usses  si mil ariti es a n d diff er e n c es.  

4. 9. 3. 1. 1.  C o ntr a ct R e vi e w  

F or e a c h of t h e m a n uf a ct ur ers, t h e b e gi n ni n g of a n y m a n uf a ct uri n g c o ntr a ct i n v ol v es u p- fr o nt 
a n al ysis  of t h e p art a n d t h e eff ort r e q uir e d t o m a k e it.   T his d at a is t h e n us e d t o f or m ul at e a bi d 
o n t h e w or k.  F or t h e p arti ci p ati n g c o ntr a ct ors, t his i n v ol v e d a n al y zi n g all d at a att a c h e d t o t h e 
P ur c h as e O r d er a n d Q u alit y R e q uir e m e nts ( P O Q R) d o c u m e nt.  F or t h e dr a wi n g- b as e d pr o c ess, 
t his i n cl u d e d t h e 2 D dr a wi n g of t h e p art a n d G D & T.  C o n v ers el y, f or t h e m o d el-b as e d pr o c ess, 
t h e 2D dr a wi n g w as r e pl a c e d wit h a 3 D  P D F  fil e t h at pr o vi d e d e q ui v al e nt i nf or m ati o n.  It is t his 
u p- fr o nt pr o c ess t h at all o ws t h e c o ntr a cti ng c o m p a n y t o d e ci d e o n t h e diffi c ult y of t h e p art a n d 
s u bs e q u e ntl y st art pl a n ni n g f or t h e w or k.  Fi g ur e 4- 2 0  a n d Fi g ur e 4- 2 1  dis pl a y t h e w or kl o a d 
m o d els f or t h e m a n uf a ct uri n g c o ntr a ct r e vi e w f or e a c h of t h e pr o c ess es.  

 

Fi g ur e 4- 2 0  M a n uf a ct uri n g C o ntr a ct R e vi e w – Dr a wi n g -b a s e d W or kl o a d M o d el . 
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Fi g ur e 4- 2 1  M a n uf a ct uri n g C o ntr a ct R e vi e w – M o d el -b a s e d W or kl o a d M o d el . 

 

Fi g ur e 4- 2 2  d e pi cts t h e ti m e i n w or kl o a d l e v els f or t his a cti vit y .   
 

Ti m e at W or kl o a d L e v el f or M a n uf a ct uri n g C o ntr a ct R e vi e w  –  Dr a wi n g  
L o w  M e d  Hi g h  

0 -1 4  1 5 -1 8  1 9 - 2 1  

1: 1 5: 0 0  0: 0 0: 0 0  4: 5 0: 0 0  

 
Ti m e at W or kl o a d L e v el f or M a n uf a ct uri n g C o ntr a ct R e vi e w  – M o d el  

L o w  M e d  Hi g h  

0 -1 4  1 5 -1 8  1 9 - 2 1  

2: 2 5: 0 0  0: 0 0: 0 0  0: 3 0: 0 0  
 

 

Fi g ur e 4- 2 2  Ti m e at  W or kl o a d L e v el s f or M a n uf a ct uri n g C o nt r a ct R e vi e w . 

B as e d o n t h e d at a c oll e ct e d, t h e m o d el -b as e d a cti vit y t o o k l ess ti m e-t o- c o m pl et e, a n d wit h l ess 
ti m e s p e nt i n t h e hi g h w or kl o a d c o n diti o n.  T his is m ost li k el y d u e t o i n cl u di n g t h e pr eli mi n ar y 
m o d eli n g w or k d o n e b y t h e dr a wi n g- b as e d m a n uf a ct ur er f or t his st e p i n t h e us e c as e.   H o w e v er, 
it m ust b e n ot e d t h at t h es e m o d els w er e c o nstr u ct e d b as e d off of i nt er vi e w d at a, a n d a m or e 
a c c ur at e a c c o u nti n g w o ul d n e e d t o b e d o n e t o dr a w a n y st atisti c al c o n cl usi o ns.  H o w e v er, at l e ast 
a n e c d ot all y, t h er e is  a diff er e n c e b et w e e n t h e t w o pr o c ess es.  
 

4. 9. 3. 1. 2.  E n gi n e e ri n g A n al y si s  

O n c e t h e c o ntr a ct is bi d a n d w o n, e a c h c o ntr a ct or pr o vi d es t h e P O Q R d at a t o t h eir e n gi n e eri n g 
t e a m. T h e t e a m t h e n  b e gi n s t o tr a nsl at e t he d at a i nt o w or ki n g m at eri als  a n d s eri al o p er ati o ns t h at 
ar e i n -li n e wit h t h e c o m p a ny’ s  i n di vi d u al pr o c ess e s, a n d fr o m w hi c h t h e t e c h ni ci a ns c a n b e gi n 
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b uil di n g t h e p arts.  F or t h e c o ntr a ct or c o m pl eti n g t h e dr a wi n g - b as e d pr o c es s, t his i n cl u d e d 
a n al y zi n g t h e p art, b uil di n g i n- pr o c ess m o d els, cr e ati n g s et u p a n d m e as ur e m e nt s h e ets, a n d 
s c h e d uli n g m a c hi n es f or e a c h o p er ati o n. F or t h e m o d el- b as e d c o ntr a ct or, t his eff ort i n cl u d e d 
a n al y zi n g t h e p art a n d cr e ati n g s et u p a n d m e as ur e m e nt s h e ets.  T h e y di d n ot c o m pl et e t h e i n-
pr o c ess m o d el b uil di n g at t his st a g e, b ut r at h er h a n d e d t h e d at a off t o pr o gr a m m ers d e di c at e d t o 
cr e ati n g t h es e m o d els f or b ot h t h e t ur ni n g a n d t h e milli n g o p er ati o ns, a n d al s o d e v el o pi n g t h e 
s c h e d ul es .  W e c h os e n ot t o i n cl u d e t h at w or k h er e, b ut r at h er i n c or p or at e d it i nt o t h e t ur ni n g a n d 
milli n g a cti viti es t h at w er e  a n al y z e d l at er.  Fi g ur e 4- 2 3  a n d Fi g ur e 4- 2 4  d e pi ct t h e w or kl o a d 
m o d els f or t his a cti vit y f or b ot h pr o c ess es. 

 

Fi g ur e 4- 2 3  M a n uf a ct uri n g E n gi n e eri n g – Dr a wi n g -B a s e d W or kl o a d M o d el . 

 

Fi g ur e 4- 2 4  M a n uf a ct uri n g E n gi n e eri n g – M o d el -B a s e d W or kl o a d M o d el . 

 

0. 0 0

5. 0 0

1 0. 0 0

1 5. 0 0

2 0. 0 0

2 5. 0 0

W
or

kl
oa

d

Ti m e

M a n uf a ct uri n g E n gi n e eri n g A n al ysi s - Dr a wi n g -
B as e d

0. 0 0

5. 0 0

1 0. 0 0

1 5. 0 0

2 0. 0 0

2 5. 0 0

0 0: 0 0: 0 0. 0 0 0 1: 3 0: 0 0. 0 0 0 1: 4 0: 0 0. 0 0 0 2: 1 0: 0 0. 0 0 0 2: 4 0: 0 0. 0 0 0 2: 5 5: 0 0. 0 0

W
or

kl
oa

d

Ti m e

M a n uf a ct uri n g E n gi n e eri n g A n al ysi s - M o d el -B as e d



 

6 1 

Fi g ur e 4- 2 5  d e pi cts t h e ti m e i n w or kl o a d l e v els f or t his a cti vit y.  
 

Ti m e at W or kl o a d L e v el f or M a n uf a ct uri n g E n gi n e eri n g  –  Dr a wi n g  
L o w  M e d  Hi g h  

0 -1 4  1 5 -1 8  1 9 - 2 1  

1: 1 5: 0 0  0: 0 0: 0 0  4: 5 0: 0 0  

 
Ti m e at W or kl o a d L e v el f or M a n uf a ct uri n g E n gi n e eri n g  –M o d el  

L o w  M e d  Hi g h  

0 -1 4  1 5 -1 8  1 9 - 2 1  

2: 2 5: 0 0  0: 0 0: 0 0  0: 3 0: 0 0  
 

 

Fi g ur e 4- 2 5  Ti m e at  W or kl o a d L e v el s f or M a n uf a ct uri n g E n gi n e eri n g . 

B as e d o n t h e d at a c oll e ct e d, t h e r es ulti n g w or kl o a d m o d els d e pi ct a diff er e n c e i n ti m e a n d 
w or kl o a d, wit h t h e m o d el- b as e d pr o c ess s h o wi n g l ess ti m e o v er all t o c o m pl et e, a n d wit h l ess 
ti m e s p e nt i n t h e hi g h w or kl o a d c o n diti o n. T his d at a w as als o c o m pil e d fro m i nt er vi e ws, 
t h er ef or e st atisti c al a n al ysis is n ot f ort h c o mi n g, b ut a ne c d ot all y a diff er e n c e is a p p ar e nt .  T his 
diff er e n c e is l ar g el y d u e t o t h e diff eri n g pr o c ess es of t h e t w o c o ntr a ct ors m or e t h a n t h e i nfl u e n c e 
of t h e pr o c ess- s p e cifi c r ef er e n c e  m at eri al s.  

4. 9. 3. 1. 3.  T ur ni n g  

F or  b ot h t h e dr a wi n g -b as e d  a n d m o d el- b as e d pr o c esses , t h e t ur ni n g a cti vit y i n cl u d es v erifi c ati o n 
of t h e pr o gr a m, s o m e a d diti o n al pr o gr a m mi n g, s et u p of t h e t ur ni n g m a c hi n e, a n d t h e a ct u al 
t ur ni n g o p er ati o n its elf.  I nt ers p ers e d t hr o u g h t h e c utti n g a cti vit y, t h e m a c hi nist w o ul d m a k e 
s o m e pr eli mi n ar y m e as ur e m e nts, a n d if c h a n g es w er e n e e d e d , t h e m a c hi nist w o ul d m a k e t h e m 
“ o n -t h e-fl y ” a n d c ut/r e-c ut as n e c ess ar y.   Als o,  as m e nti o n e d pr e vi o usl y, a s m all a m o u nt of 
t ur ni n g pr e- pr o gr a m mi n g w as a c c o m plis h e d b y t h e e n gi n e er i n t h e e n gi n e eri n g r e vi e w a cti vit y 
f or t h e dr a wi n g- b as e d pr o c ess, b ut i n c or p or at e d h er e i n its e ntir et y f or t h e m o d el-b as e d pr o c ess.   
T his w as b e c a us e t h e dr a wi n g- b as e d m a c hi nist di d t h e m aj orit y of pr o gr a m mi n g at t h e m a c hi n e , 
a n d t h e t e a m e n d e a v or e d t o c o m p ar e t h e pr o gr a m mi n g a cti vit y f or b ot h pr o c ess es.   

O n c e t h e pr o gr a m w a s r e c ei v e d b y t h e m a c hi nist, b ot h c o ntr a ct ors p erf or m e d t ur ni n g o v er t w o 
o p er ati o ns.  F or e a c h c o nt ra ct or, t h e e n gi n e er  pr o vi d e d t h e m a c hi nist wit h a s et u p s h e et, a 
m e as ur e m e nt  s h e et, a n d t h e p art r ef er e n c e m at eri al.  F or t h e dr a wi n g-b as e d c o ntr a ct or , t his w as a 
pri nt o ut of t h e 2 D dr a wi n g wit h all G D & T.  F or t h e m o d el- b as e d c o ntr a ct or , t his w as t h e 3 D 
P D F  o n a l a pt o p c o m p ut er wit h vi e ws dis pl a yi n g a ss o ci at e d G D & T.  T h er e w as a diff er e n c e 
b et w e e n t h e t w o c o ntr a ct ors o n h o w m u c h pr o gr a m mi n g w as r e q uir e d at t h e m a c hi n e.  F or t h e 
dr a wi n g - b as e d c o ntr a ct or, t h e t ur ni n g m a c hi nist b uilt t h e pr o gr a m off a n ol d er pr o gr a m at t h e 
m a c hi n e.  T h e m a c hi nist us e d r ef er e n c e m o d els f or di m e nsi o ns fr o m t h e e n gi n e eri n g a n al ysis, 
b ut t h e n e m pl o y e d a t e xt e dit or t o e nt er t h e c ut di m e nsi o ns f or t h e t ur ni n g m a c hi n e o n a d es kt o p 
c o m p ut er o n a c art p ositi o n e d at his w or kst ati o n.  T h e m a c hi nist  t h e n tr a nsf err e d t h e pr o gr a m 
t hr o u g h t h at c o m p ut er t o t h e t ur ni n g m a c hi n e usi n g a n R S - 2 3 2 c o m m u ni cati o n c a bl e.  T his 
c o ntr ast e d wit h t h e m o d el- b as e d pr o c ess w h er e t h e m a c hi nist d o w nl o a d e d t h e pr e- b uilt t ur ni n g 
pr o gr a m o v er Wi -Fi  t o a l a pt o p alr e a d y at t h e w or k l o c ati o n b y t h e c utti n g m a c hi n e.  T h e 
m a c hi nist t h e n o p e n e d t h e pr o gr a m o n t his l a pt o p, v erifi e d it, m a d e s o m e mi n or c h a n g es, t h e n 
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tr a nsf err e d it t o t h e c utti n g m a c hi n e t hr o u g h Wi -Fi a n d b e g a n c utti n g.  Fi g ur e 4- 2 6  a n d Fi g ur e 
4- 2 7  d e pi ct t h e w or kl o a d m o d els f or b ot h pr o c ess es. 

 

Fi g ur e 4- 2 6  M a n uf a ct uri n g T ur ni n g – Dr a wi n g -B a s e d W or kl o a d M o d el . 

 

 

Fi g ur e 4- 2 7  M a n uf a ct uri n g T ur ni n g – M o d el -B a s e d W or kl o a d M o d el . 
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As d e pi ct e d b y  t h e w or kl o a d m o d els, t h e m o d el- b as e d c o ntr a ct or’s t ur ni n g a cti vit y  t o o k l o n g er 
t h a n t h e dr a wi n g-b as e d pr o c ess ; h o w e v er, it m ust b e r e-st at e d t h at t h e t ur ni n g pr e- pr o gr a m mi n g 
w as i n cl u d e d  i n t h e m o d el- b as e d pr o c ess m o d el, a n d t his is t h e pri m ar y c a u s e f or t h e i n cr e as e i n 
ti m e o v er t h e dr a wi n g- b a s e d pr o c ess m o d el.  M or e i nsi g ht i nt o t h e c o m p ari s o n of t h e t w o 
pr o c ess es c a n b e g ai n e d b y c o m p ari n g t h e ti m e at  w or kl o a d l e v el t ot als dis pl a ye d  b y  Fi g ur e  4- 2 8. 

Ti m e at  W or kl o a d L e v el f or M a n uf a ct uri n g T ur ni n g  –  Dr a wi n g  
L o w  M e d  Hi g h  

0 -1 4  1 5 -1 8  1 9 - 2 1  

2: 5 0: 1 0  0: 1 0: 0 0  1 0: 2 3: 0 0  
 

Ti m e at  W or kl o a d L e v el f or M a n uf a ct uri n g T ur ni n g  –  M o d el  
L o w  M e d  Hi g h  

0 -1 4  1 5 -1 8  1 9 - 2 1  

2: 1 9: 1 0  0: 1 5: 0 0  1 1: 5 1: 0 0  
 

 

Fi g ur e 4- 2 8  Ti m e at  W or kl o a d L e v el s f or M a n uf a ct uri n g T ur ni n g . 

I n a d diti o n t o t h e o v er all t ur ni n g a cti vit y b ei n g l o n g er f or t h e m o d el- b as e d pr o c ess t h a n t h e 
dr a wi n g - b as e d pr o c ess, t h e ti m e s p e nt i n t h e hi g h w or kl o a d c o n diti o n w as als o gr e at er.  T his 
a g ai n is as e x p e ct e d si n c e, as dis c uss e d pr e vi o usl y, t h e m o d el- b as e d pr o c e ss i n cl u d es t h e t ur ni n g 
pr e -pr o gr a m mi n g a cti vit y , w hi c h is ti m e c o ns u mi n g a n d c o g niti v el y d e m a n di n g.   

4. 9. 3. 1. 4.  Milli n g  

Si mil ar t o t h e t ur ni n g a cti vit y, f or b ot h pr o c ess es, t h e milli n g a cti vit y i n cl u d e d pr o gr a m 
v eri fi c ati o n, s o m e a d diti o n al pr o gr a m mi n g ( v ari e s b y pr o c ess), milli n g m a c hi n e s et u p, a n d 
fi n all y c utti n g a n d s o m e pr eli mi n ar y m e as ur e m e nts .  Als o , j ust as d es cri b e d a b o v e f or t h e t ur ni n g 
a cti vit y, t h e dr a wi n g - b as e d pr o c ess m a c hi nist di d m u c h of t h e pr o gr a m mi ng at t h e m a c hi n e o n a 
l a pt o p l o c at e d cl os e t o t h e w or k ar e a.  T h e m a c hi nist b e g a n wit h t h e i niti al pr o gr a m cr e at e d b y 
t h e e n gi n e er a n d o p e n e d it i n Gi b bs C A M ® t o r e vi e w it a n d m a k e m o difi c ati o ns.  T h e m a c hi nist 
s p e nt a l ar g e a m o u nt of ti m e tr a nsl ati n g t h e m o d el t o t h e di m e nsi o ns a n d f or m ats r e q uir e d f or t h e 
C o m p ut er N u m eri c al C o ntr ol ( C N C) m a c hi n e a n d cr oss -r ef er e n ci n g it wit h t h e dr a wi n g. T h e 
m a c hi nist  or d er e d a c ust o m t o ol t o c ut t h e s m all h ol es i n t h e p art, a n d fi n all y o ut p ut his m o difi e d 
fil e i nt o a .t xt d o c u m e nt a n d  pr o c e e d e d t o m o dif y t h e .t xt d o c u m e nt bri efl y b ef or e l o a di n g it o nt o 
a m e m or y sti c k a n d tr a nsf erri n g it t o a c o m p ut er t h at h as Wi -Fi a n d c a n c o m m u ni c at e wit h t h e 
C N C m a c hi n e t o u pl o a d it.  

F or t h e m o d el- b as e d pr o c ess, t h er e w as m u c h l ess pr o g r a m mi n g ti m e at t h e m a c hi n e, si n c e t h e 
m o d el- b as e d m a n uf a ct uri n g c o m p a n y di d m or e pr e- pr o gr a m mi n g.  Als o, t h e m o d el- b as e d 
c o m p a n y milli n g m a c hi n es w er e att a c h e d t o a Wi -Fi  n et w or k a n d c o ul d d o w nl o a d fil es dir e ctl y 
fr o m Wi -Fi  a c c ess p oi nts, r at h er t h a n n e e d  t o pr o vi d e a p h ysi c al c o n n e cti o n or a tr a nsf er c art. 
A d diti o n all y, a n y pr o gr a m mi n g at t h e m a c hi n e c o ul d b e d o n e dir e ctl y t hr o u g h t h e c o m p ut er 
i nt erf a c e att a c h e d t o t h e m a c hi n e, w hi c h mi mi c k e d a l a pt o p i n t er ms of us a bilit y.  T his 
c o ntr ast e d  wit h t h e dr a wi n g-b as e d milli n g m a c hi n e w h er e t h e i nt erf a c e w as m ostl y t o r u n t h e 
m a c hi n e , n ot f or d et ail e d pr o gr a m r e vi e w. T his pr o c ess h a d t o b e d o n e o n a s e p ar at e l a pt o p w h e n 
n e e d e d.  F oll o wi n g i niti al m a c hi n e pr o gr a m mi n g, f or e a c h pr o c ess, all s u bs e q u e nt a cti viti es  
f oll o w e d a si mil ar p att er n of pr e p pi n g t h e m a c hi n e, g etti n g t o ols, c utti n g a p art c h u c k, l o a di n g 
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t h e p art, a n d t h e n s e q u e nti all y p erf or mi n g t h e pl a n n e d c uts as cr e at e d t hr o u g h t h e pr o gr a m mi n g 
pr o c ess.  It is at t his p oi nt w h er e t h e t w o pr o c ess e s diff er e d t h e l e ast.  Fi g ur e 4- 2 9  a n d Fi g ur e 
4- 3 0  d e pi ct t h e w or kl o a d m o d els f or b ot h pr o c ess es.  

 

 

Fi g ur e 4- 2 9  M a n uf a ct uri n g Milli n g – Dr a wi n g -B a s e d W or kl o a d M o d el . 

 
Fi g ur e 4- 3 0  M a n uf a ct uri n g Milli n g – M o d el -B a s e d W or kl o a d M o d el . 

  

0. 0 0

5. 0 0

1 0. 0 0

1 5. 0 0

2 0. 0 0

2 5. 0 0
0
0:

0
0:

0
0.

0
0

0
0:

1
0:

0
0.

0
0

0
0:

2
6:

0
0.

0
0

0
0:

3
7:

0
0.

0
0

0
2:

4
3:

0
0.

0
0

0
2:

5
3:

0
0.

0
0

0
3:

0
4:

0
0.

0
0

0
3:

1
4:

0
0.

0
0

0
3:

2
1:

0
0.

0
0

0
3:

2
3:

0
0.

0
0

0
3:

3
5:

0
0.

0
0

0
5:

4
3:

0
0.

0
0

0
5:

4
6:

0
0.

0
0

0
6:

2
2:

0
0.

0
0

0
6:

5
7:

0
0.

0
0

1
1:

5
6:

0
0.

0
0

1
2:

1
7:

0
0.

0
0

1
2:

5
8:

0
0.

0
0

1
3:

3
3:

0
0.

0
0

1
4:

1
0:

0
0.

0
0

1
4:

1
8:

0
0.

0
0

1
4:

3
0:

0
0.

0
0

1
5:

0
5:

0
0.

0
0

1
6:

4
3:

0
0.

0
0

1
7:

1
2:

0
0.

0
0

1
7:

2
5:

0
0.

0
0

W
or

kl
oa

d

Ti m e

M a n uf a ct uri n g Milli n g - Dr a wi n g

0. 0 0

5. 0 0

1 0. 0 0

1 5. 0 0

2 0. 0 0

2 5. 0 0

0
0:

0
0:

0
0.

0
0

0
0:

2
5:

0
0.

0
0

0
0:

4
2:

0
0.

0
0

0
1:

4
5:

0
0.

0
0

0
5:

4
8:

0
0.

0
0

0
6:

0
3:

0
0.

0
0

0
6:

0
6:

0
0.

0
0

0
6:

1
8:

0
0.

0
0

0
6:

2
4:

0
0.

0
0

0
6:

4
4:

0
0.

0
0

0
7:

0
5:

0
0.

0
0

0
7:

2
0:

0
0.

0
0

0
7:

5
2:

0
0.

0
0

0
8:

3
2:

0
0.

0
0

1
0:

3
9:

0
0.

0
0

1
1:

0
8:

0
0.

0
0

1
1:

2
1:

0
0.

0
0

1
2:

0
1:

0
0.

0
0

1
2:

0
5:

0
0.

0
0

1
2:

5
5:

0
0.

0
0

1
4:

4
2:

0
0.

0
0

1
4:

4
5:

0
0.

0
0

1
5:

2
1:

0
0.

0
0

1
5:

5
6:

0
0.

0
0

W
or

kl
oa

d

Ti m e

M a n uf a ct uri n g Milli n g - M o d el



 

6 5 

As dis c uss e d pr e vi o usl y, t h e t w o pr o c ess es diff er e d m ost i n t h e i niti al a cti viti es i n v ol v e d wit h 
s et u p a n d pr o gr a m mi n g at t h e m a c hi n es.  E v e nt u all y, t h e pr o c ess es b e c a m e si mil ar a n d fi n all y 
e n d e d  al m ost i d e nti c all y as t h e m a c hi nists w o ul d cl os e - o ut t h e b uil d.  O v er all, t h e e x e c uti o n ti m e 
of t h e m o d el- b as e d pr o c e ss w as s h ort er t h a n t h e dr a wi n g- b as e d pr o c ess.   
 

Ti m e at  W or kl o a d L e v el f or M a n uf a ct uri n g Milli n g –  Dr a wi n g  
L o w  M e d  Hi g h  

0 -1 4  1 5 -1 8  1 9 - 2 1  

1: 3 3: 0 0  0: 0 0: 0 0  1 6: 2 2: 0 0  
 

Ti m e at  W or kl o a d L e v el f or M a n uf a ct uri n g Milli n g –  M o d el  
L o w  M e d  Hi g h  

0 -1 4  1 5 -1 8  1 9 - 2 1  

1: 4 3: 0 0  0: 1 5: 0 0  1 3: 5 8: 0 0  
 

 

Fi g ur e 4- 3 1  Ti m e at W or kl o a d L e v el s f or M a n uf a ct uri n g Milli n g . 

 

Fi g ur e 4- 3 1  d e pi cts t h e ti m e s p e nt i n e a c h w or kl o a d c o n diti o n, a n d w hil e b ot h pr o c ess es h a v e 
t h e m a c hi nists s p e n di n g a l ar g e p orti o n of ti m e i n a hi g h w or kl o a d c o n diti o n, t h e dr a wi n g-
b as e d pr o c ess m a c hi n ist s p e nt m or e ti m e i n t h e hi g h w or kl o a d c o n diti o n t h a n t h e m o d el-b as e d 
m a c hi nist  f or t his us e c as e. 

4. 9. 3. 1. 5.  C o or di n at e M e a s uri n g M a c hi n e ( C M M ) 

D at a w er e c oll e ct e d f or t h e C M M pr o c ess f or b ot h t h e dr a wi n g - b as e d a n d m o d el-b as e d  t hr o u g h 
i nt er vi e ws a n d c o g niti v e w alkt hr o u g hs.  M o d els w er e c o nstr u ct e d b as e d o n r e p ort e d a cti viti es b y 
t h e C M M t e c h n ol o gists f or b ot h pr o c ess c o m p a ni es.  Fi g ur e 4- 3 2  a n d Fi g ur e 4- 3 3  d e pi ct t h es e 
m o d els.  T h er e ar e  s o m e diff er e n c es i n t h e a cti viti es r e p ort e d b y t h e C M M t e c h n ol o gists t h at 
w er e c a pt ur e d i n t h e i nt er vi e ws a n d r efl e ct e d b y t h e m o d els.  N ot a bl y, t h e dr a wi n g-b as e d C M M 
t e c h n ol o gist s p e nt m or e ti m e i n t h e b e gi n ni n g of t h e pr o c ess m a n u all y s etti n g u p t h e m a c hi n e 
a n d pr o gr a m mi n g t h e g e o m etr y, w h er e t h e m o d el- b as e d t e c h n ol o gist r eli e d m or e o n t h e di git al 
m o d el.  T his dis cr e p a n c y is r efl e ct e d i n t h e o v er all e x e c uti o n ti m e.  A d diti o n all y, t h e dr a wi n g -
b as e d t e c h ni ci a n us e d H e x a g o n M a n uf a ct uri n g I nt elli g e n c e P C -D MI S ™ s oft w ar e a n d t h e m o d el -
b as e d t e c h ni ci a n us e d Z eiss C A L Y P S O ® s oft w ar e.  Fi g ur e 4- 3 2  a n d Fi g ur e 4- 3 3  d e pi ct t h e 
w or kl o a d m o d els f or t h e C M M us es c as e. 
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Fi g ur e 4- 3 2  M a n uf a ct uri n g C M M – Dr a wi n g -B a s e d W or kl o a d M o d el . 

 

 

Fi g ur e 4- 3 3  M a n uf a ct uri n g C M M – M o d el -B a s e d W or kl o a d M o d el . 
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Fi g ur e 4- 3 4  d et ails t h e ti m e at w or kl o a d l e v el d et ail f or t h e C M M us e c as e.  T h e C M M 
t e c h ni ci a n f or t h e dr a wi n g- b as e d pr o c ess s p e nt m or e ti m e p erf or mi n g hi g h w or kl o a d a cti viti es 
t h a n t h e C M M t e c h ni ci a n i n t h e m o d el- b as e d pr o c ess.  T his w as  d u e t o t h e diff er e n c es i n t h e 
i niti al s et u p a cti viti es. 
 

Ti m e at  W or kl o a d L e v el f or M a n uf a ct uri n g C M M –  Dr a wi n g  
L o w  M e d  Hi g h  

0 -1 4  1 5 -1 8  1 9 - 2 1  

1: 4 2: 0 0  0: 0 0: 0 0  1 4: 3 2: 0 0  
 

Ti m e at  W or kl o a d L e v el f or M a n uf a ct uri n g C M M –  M o d el  
L o w  M e d  Hi g h  

0 -1 4  1 5 -1 8  1 9 - 2 1  

2: 3 0: 0 0  0: 0 0: 0 0  7: 4 0: 0 0  
 

 

Fi g ur e 4- 3 4  Ti m e at W or kl o a d L e v el s f or M a n uf a ct uri n g C M M . 

4. 9. 3. 1. 6.  I n s p e cti o n s 

T h er e ar e t hr e e  i ns p e cti o n a cti viti es t h at o c c ur as p art of t h e m a n uf a ct uri n g us e c as e, i n -pr o c ess 
i ns p e cti o n, first arti cl e i n s p e cti o n, a n d s o ur c e i ns p e cti o n.  Fi g ur e 4- 3 5  a n d Fi g ur e 4- 3 6  d e pi ct t h e 
t w o i n- pr o c ess i ns p e cti o ns. T h e a n al ysis d at a  f or t h e i n- pr o c ess i ns p e cti o n is i n c or p or at e d i nt o 
t h e t ur ni n g a n d milli n g m o d els f or b ot h pr o c ess es as d es cri b e d pr e vi o usl y. T h e first arti cl e a n d 
s o ur c e i ns p e cti o ns a cti viti es ar e c a pt ur e d i n S e cti o n 4. 1 1 . 
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Fi g ur e 4- 3 5  G r a h a m  I n-Pr o c e s s I n s p e cti o n . ( N ot e dr a wi n g s ar e n ot I T A R t h e y w er e 
m ar k e d i n a c c ur at el y b y t h e v e n d or)  

 

Fi g ur e 4- 3 6  Ar u n d el I n -Pr o c e s s I n s p e cti o n . 

4. 9. 3. 2.  S ur v e y D at a  

T h e  N A S A T L X a n d S A R T s ur v e ys w er e a d mi nist er e d f oll o wi n g o bs er v ati o ns a n d i nt er vi e ws 
f or e a c h of t h e m a n uf a ct uri n g a cti viti es. H o w e v er, s ur v e y r es ults i n di c at e d t h at n o n e of t h e 
a cti viti es  p erf or m e d f or eit h er o f t h e pr o c ess es w er e r e p ort e d as hi g h w or kl o a d b y t h e p erf or mi n g 
i n di vi d u als.  R es ults fr o m t h e S A R T s ur v e y a gr e e d wit h t h e T L X t h at t h e o v er all l e v el of S A w as 
f airl y hi g h w hil e p erf or mi n g all m a n uf a ct uri n g a cti viti es f or b ot h pr o c ess es. 
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4. 9. 4.  A cti viti e s a n d E rr or s  

O v er t h e c o urs e of o bs er v ati o ns f or t h e t ur ni n g a n d milli n g a cti viti es, f or b ot h pr o c ess es, t h er e 
w er e a f e w i nst a n c es w h er e t h e t ur ni n g m a c hi nist or t h e milli n g m a c hi nist h a d t o st o p a cti viti es 
a n d eit h er r e pl a c e a t o ol or us e a s e c o n d bl a n k t o w or k o ut t h e ki n ks of t h e pr o gr a m.  T h es e 
e v e nts w er e n ot c o nsi d er e d err ors b ut m er el y p art of n or m al o p er ati o ns.  T h er e w er e n e v er a n y 
i nst a n c es of tr u e err ors o bs er v e d f or t h es e a cti viti es.  T his m a y b e d u e i n p art t o t h e s e q u e nti al, 
st e p -b y -st e p n at ur e of t h e s e a cti viti es .  B y c o m pl eti n g s m all er i n cr e m e nts of w or k  a n d r e m ai ni n g 
vi gil a nt, t h e m a c hi nists all o w e d  t h e ms el v es t o n oti c e iss u es, if t h e y ar os e, a n d ti m e t o c orr e ct 
t h e m b ef or e t h e y b e c a m e u n m a n a g e a bl e.  N o err or s or pr o bl e ms w er e r e p ort e d b y a n y of t h e 
ot h er i nt er vi e w e d e n gi n e ers or t e c h ni ci a ns f or t h e s e pr o c ess es.  

4. 9. 5.  Fi n di n g s of N ot e  

T h er e w er e a n u m b er of i nt er esti n g a n e c d ot al fi n di n gs s urr o u n di n g t h e o bs er v ati o ns a n d 
c o m m e nts m a d e f or all of t h e m a n uf a ct uri n g a cti viti es. T h es e ar e pr o v i d e d h er e i n c o nt e xt i n 
T a bl e 4- 5  a n d T a bl e 4- 6 . 
 
T a bl e 4- 5 Dr a wi n g -B a s e d M a n uf a ct uri n g Pr o c e s s O b s er v ati o n s of I nt er e st . 

E v e nt  Fi n di n g s / C o m m e nt / O bs er v ati o n  

E n gi n e er I nt er vi e w  L ots of m e nt al s p ati al  r ef er e n ci n g n e e d e d t o pr o gr a m t h e m a c hi n e.  N e e d 
t o h ol d pi ct ur es i n y o ur h e a d a b o ut w h at t h e m a c hi n e is d oi n g.  Hi g h 
w or kl o a d.  

E n gi n e er I nt er vi e w  T h e e n gi n e er will  r e-cr e at e dr a wi n gs b as e d o n t h e or d er of o p er ati o ns.  
A d d s di m e nsi o ns t o t h e s k et c h.  A b o ut 1 0 mi n f or dr a wi n g i n S oli d W or k s ®, 
a b o ut 2 0 m i nut es  f or di m e nsi o ni n g. 

E n gi n e er I nt er vi e w  Dr e w a n e w m o d el f or O P 3 0, t o o k a b o ut 1 h o ur t o cr e at e t his O P.  N ot e : It 
is u p t o t h e mill er t o d et er mi n e t h e d et ails of h o w e a c h p art of t h e O P is 
p erf or m e d.  

E n gi n e er I nt er vi e w  F or a n est a blis h e d p art , e v er yt hi n g s h o ul d b e fi n e f or a m o d el -o nl y.  B ut 
w h e n t h e y h a v e st art e d c utti n g a n d t h e y m a k e a c h a n g e , it w o ul d b e u gl y 
t o r el y o n m o d els o nl y .  C h a n g e s h a p p e n q uit e oft e n. 

T ur ni n g O P 1 0 s et u p  C al c ul ati n g h o w t o s et u p t h e c ut s  b y h a n d a n d r ef er ri n g t o t h e dr a wi n g 
m a n y ti m e s.  

T ur ni n g O P 1 0 s et u p  Ins p e ct i n g t h e t ur ni n g pr o gr a m li n e-b y -li n e a n d m aki n g  mi n or 
a d mi nistr ati v e m o difi c ati o ns . 

T ur ni n g O P 1 0 s et u p  Usi n g a v erti c all y m o u nt e d k e y p a d, m o u nt e d o n t h e m a c hi n e, t o t y p e  i n 
stri n gs of c h ar a ct ers.   N ot er g o n o mi c.  

T ur ni n g O P 1 0 s et u p  Us e s t h e dr a wi n g  as a r ef er e n c e  t o m a k e t h e t ur ni n g pr o gr a m i n t h e 
m a c hi n e.  St art e d wit h a n ol d pr o gr a m fr o m a diff er e nt p art a n d m o difi e d 
it f or t h e c urr e nt p art.  Di d e v er yt hi n g  i n h e a d a n d h a n d.  Hi g h w or kl o a d 
h er e.  

T ur ni n g O P 1 0 s et u p  L ots of b a c k a n d f ort h b et w e e n t h e c o m p ut er a n d t h e dr a wi n g t o m o dif y 
t h e pr o gr a m. 

T ur ni n g O P 1 0 s et u p  D o e s a pr eli mi n ar y c h e c k of t h e pr o gr a m t o m a k e s ur e all p ar a m et ers ar e 
t h er e.  F o u n d a s m all mist a k e a n d fi x e d  it.   
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E v e nt  Fi n di n g s / C o m m e nt / O bs er v ati o n  

T ur ni n g O P 1 0 s et u p  Tr a nsf ers pr o gr a m o v er R S 2 3 2 c o n n e ct or b et w e e n c o m p ut er a n d C N C 
t ur ni n g m a c hi n e.  M a c hi n e n e e ds t o b e pri m e d t o a c c e pt t h e tr a nsf er fr o m 
c o m p ut er.  

T ur ni n g O P 1 0 s et u p  Writ e s o ut t h e r e st of t h e t o oli n g list w hil e l o o ki n g at dr a wi n g.  Hi g h 
c o g niti v e l o a d . 

T ur ni n g O P 1 0 s et u p  Pr o gr a m m e d 2 0 li n e s f or t h e first c ut a n d a b o ut 2 0 c h ar a ct ers p er li n e, 3 
p ar a m et ers p er li n e.  T his is d o n e f or e a c h c ut, s o t h e pr o gr a m is 
a p pr o xi m at el y 4 x 2 0 li n e s wit h r e p etiti o n . 

T ur ni n g O P 1 0 s et u p  Pr o gr a m mi n g at t h e m a c hi n e is sl o w g oi n g as t h e m a c hi n e i nt erf a c e d o e s  
n ot  h a v e c o p y a n d p ast e , a n d t his n e e ds t o b e d o n e m ulti pl e ti m e s. 

T ur ni n g O P 1 0 s et u p  T h e m a c hi nist  s a w t h at t h er e w as n ot a cl e ar d e pi cti o n of t h e l e n gt h a n d 
a n gl e of t h e c h a mf ers o n a p arti c ul ar s e cti o n of t h e p art.  H a d t o s e ar c h  
t h e r ef er e n c e s h e et e xt e nsi v el y . 

T ur ni n g O P 1 0 s et u p  H a d t o st o p t h e pr o gr a m as a t o ol di d  n ot h a v e t h e l e n gt h n e e d e d t o ma k e 
a  c ut.  Will h a v e t o mill a p art of t h e t o ol str u ct ur e off.  

T ur ni n g O P 1 0 s et u p  L ots of p ur p o s ef ul o bs er v ati o n s  of  t h e m a c hi n e w hil e it is c utti n g.  L ot s of 
d e cisi o ns m a d e w hil e t h e pr o gr a m is r u n ni n g.  N e e ds t o st o p  it p eri o di c all y 
t o m a k e s m all a dj ust m e nt s.  

Milli n g O P 3 0 s et u p  C r e at e d a c ust o m t o ol t h at will c ut t h e s m all h ol e s i n t h e p art si n c e t h e 
ori gi n al t o ol di d n ot h a v e e n o u g h cl e ar a n c e . 

Milli n g O P 3 0 s et u p  M o dif yi n g t h e pr o gr a m b y h a n d f or tr a nsf er o v er t o C N C m a c hi n e.  
D el eti n g c ert ai n li n e s t h at ar e  n ot  n e e d e d a n d r e m o vi n g c arri a g e r et ur ns . 

Milli n g O P 3 0 s et u p  Pr o gr a m mi n g i n Gi b bs C A M a n d t h e n c o n v erti n g t o a t e xt fil e t o tr a nsf er t o 
t h e C N C m a c hi n e. 

Milli n g O P 3 0 s et u p  Usi n g a c o m p ut er o n a c art t h at h as t h e pr o gr a m t h at c a n c o m m u ni c at e 
wit h t h e C N C m a c hi n e b y  Wi -Fi  t o tr a nsf er t h e fil e. 

Milli n g O p 3 0 s et u p  T h e m a c hi nist is  a d di n g a n ori e nt ati o n t o t h e c o d e f or e a c h c ut.  T his 
i nf or m ati o n is ori gi n all y c a pt ur e d as a n ot e , t h e n a d d e d i nt o t h e t e xt fil e.  
I d e all y, t his is a st e p t h at c o ul d b e d o n e a ut o m ati c all y b ut w o ul d r e q uir e 
a n a d d -o n t o g et it i nt o t h e fil e dir e ctl y.  T hi s is d o n e  m ulti pl e ti m e s f or t h e 
milli n g pr o gr a m .   

Milli n g O p 3 0 s et u p  Us e s a 3 D s c a n n er t o g et m e as ur e m e nt s of t o ols.  

C M M I nt er vi e w  N e e d t o fi g ur e o ut h o w t o all o w f or t h e a d diti o n n ot es t o a 3 D r ef er e n c e 
m at eri al .   
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T a bl e 4- 6 M o d el -B a s e d M a n uf a ct uri n g Pr o c e s s O b s er v ati o n s of I nt er e st . 

E v e nt  Fi n di n g s / C o m m e nt / O bs er v ati o n  

First m e eti n g  W as a littl e h ar d er wit h o ut t h e 2 D pri nt.  L ot s of c o m m e n t s a b o ut w h et h er 
t h er e w as g oi n g t o b e  a pri nt . 

V P of S al e s I nt er vi e w  H o w w o ul d w e c o ntr ol r e vs of t h e 3 D P D F ?  

E n gi n e er I nt er vi e w  Us e s E x c el  wit h his o w n s pr e a ds h e et as a t o ol.  L o o k e d  at t h e 3 D P D F  
d uri n g t h e q u ot e.  M a d e t h e i niti al j u d g e m e nt o n t h e q u ot e usi n g t h e 3 D  
P D F  ( a b o ut 3 0 mi nut e s ). 

E n gi n e er I nt er vi e w  T h e 3 D  P D F  c o ul d b e b ett er f or a q u ot e if s o m e i nf or m ati o n w as pr o vi d e d 
t o h el p u n d erst a n d  f e at ur es a n d c h all e n gi ng  it e m s. 

E n gi n e er I nt er vi e w  T h e 3 D  P D F  f or t h e pr o gr a m m ers w as a littl e diffi c ult t o us e si n c e  y o u 
c a n n ot  s e e all m e as ur e m e nt s i n o n e s h ot . Yo u h a v e t o p a g e t hr o u g h t h e 
vi e ws.  

E n gi n e er I nt er vi e w  T h e w a y t h e m e as ur e m e nts i n t h e vi e w s ar e l ai d o ut is n ot i n li n e wit h t h e 
m a n uf a ct uri n g pr o c e ss . 

E n gi n e er I nt er vi e w  Diffi c ult t o o p e n t h e 3 D  P D F .  N e e d e d A d o b e 1 1 a n d h a d t o m a k e s o m e 
s etti n g c h a n g e s.   

E n gi n e er I nt er vi e w  O p e n e d 3 D  P D F  i n A d o b e.  N oti c e d h o w t h e n ot e s a n d a n n ot ati o ns 
a p p e ar e d  b as e d o n diff er e nt vi e w s.  Di d  n ot ori gi n all y s e e t h e n ot es.  W or k 
o n m a ki n g t h e f or m at b ett er, m a k e it l o o k m or e li k e a s p e c s h e et . 

E n gi n e er I nt er vi e w  Pri nt e d o ut  vi e w s fr o m t h e 3 D  P D F  s h o wi n g i m p ort a nt i nf o a n d t h e p art i n 
i m p ort a nt p o siti o ns.  Us e d t h e s e as a 2 D r ef er e n c e s h e et.  

E n gi n e er I nt er vi e w  T o o k a b o ut 1 h o ur t o m a k e a 2 D r ef er e n c e s h e et fr o m t h e 3 D P D F . 

E n gi n e er I nt er vi e w  T h e c hi ef e n gi n e er  f or ce d t h e fl o or g u y s t o us e t h e 3 D P D F . 

E n gi n e er I nt er vi e w  D o  n o t f or g et t o p ut t h e i m a g e fil e s f or et c hi n g t h e m o d el i nt o t h e 3 D P D F . 

E n gi n e er I nt er vi e w  T o o k a b o ut 3 0 -4 5 mi n ut e s t o m er g e t h e D X F  (f or et c hi n g) wit h t h e m o d el.  

T ur ni n g Pr o gr a m m er 
I nt er vi e w 

T h e 3 D  P D F  d o e s  n o t s h o w all t h e m e as ur e m e nt s i n o n e vi e w, s o h a d t o 
p a g e t hr o u g h all t h e vi e w s t o s e e all t h e m e as ur e m e nts. 

T ur ni n g Pr o gr a m m er 
I nt er vi e w 

N e e d e d  t o s p e n d a littl e m or e tim e t o g et f a mili ar wit h t h e 3 D  P D F  pri nt . 

T ur ni n g Pr o gr a m m er 
I nt er vi e w 

N or m all y us es t h e 2 D dr a wi n g t o m a k e n ot e s o n f or t h e pi e c e, b ut c o ul d  
n o t o n t h e 3 D P D F,  s o t h e pr o gr a m m er pri nt e d it o ut a n d m a d e n ot es  o n 
t h e s h e et s. 

T ur ni n g Pr o gr a m m er 
I nt er vi e w 

M o st c o m pli c at e d f e at ur e w as t h e gr o o v e , b ut t h e c o m pli c ati o n w as o n 
t h e c ut s. 

T ur ni n g Pr o gr a m m er 
I nt er vi e w 

Will cr e at e t h e m e as ur e m e nt r e f er e n c e s h e et f or t h e fl o w of op e r ati o ns .  
Will m a k e n ot e s o n m e as ur e m e nt s if t h e y d e vi at e o n t h e r ef er e n c e s h e et.  

Milli n g Pr o gr a m m er 
I nt er vi e w 

Pri nt e d o ut s o m e vi e w s t o us e f or r ef er e n c e.  Li k e d w or ki n g wit h t h e 3 D  
P D F , w as n ot t o o b a d t o g et us e d t o. ( 1 0 mi n ut e s t o l o o k at a n d pri nt). 

Milli n g Pr o gr a m m er 
I nt er vi e w 

Di d  n ot  li k e n ot b ei n g a bl e t o m ar k u p t h e 3 D  P D F . 

Milli n g Pr o gr a m m er 
I nt er vi e w 

Li k e s h o w t h e 3 D  P D F  hi g hli g ht s m e as ur e m e nt s a n d f e at ur e s w h e n cli c k e d.  
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E v e nt  Fi n di n g s / C o m m e nt / O bs er v ati o n  

Milli n g Pr o gr a m m er 
I nt er vi e w 

W o n d ers w h y t h e y dr a w p art s wit h u nil at er al t ol er a n c e, w h y n ot dr a w t h e 
r ef er en c e at t h e mi d -p oi nt wit h + or – t ol er a n c e. 

Milli n g Pr o gr a m m er 
I nt er vi e w 

Us e s a pri nt o ut t o w or k t hr o u g h t h e i n -pr o c e ss i ns p e cti o n s h e et.  B ei n g 
a bl e t o m ar k u p t h e 3 D  P D F  w o ul d h el p o ut a l ot.  Als o , d o e s  n ot s a v e 
p a p er si n c e t h e y h a v e t o  pri nt o ut m or e s h e et s t o g et all t h e 
m e as ur e m e nt s, r at h er t h a n o n e.  

T ur ni n g O P 2 0  M i x e d a b o ut t h e 3 D r ef er e n c e.  T h e t ur ni n g pr o gr a m m er  d o e s  n o t li k e t h e 
w a y t h e s h e et is l ai d o ut , h o w e v er , it is cl e ar er  as t o w h er e t h e 
m e as ur e m e nt s ar e p oi nti n g t o  o n t h e p art.  

Milli n g O P 4 0  H as  n o t f elt li k e t h e milli n g pr o gr a m m er h a s b e e n sl o w e d d o w n b y t h e 3 D  
P D F , b ut h e di d h a v e t o tr ai n a bit wit h it. So f ar , n o bi g d e al . 

Milli n g O P 5 0  Li k e s  h o w t h e 3 D  P D F  hi g hli g ht s t h e f e at ur e t h at t h e m e as ur e m e nt is 
p oi nti n g t o.  

C M M Pr o gr a m m er 
I nt er vi e w 

N or m all y u s es a hi g hli g ht er a n d m a k e s n ot es t o  r e vi e w t h e s p e c.  Li k e s t h e 
3 D  P D F .  Will b e a pr o c e ss.  Will g et a s e c o n d m o nit or wit h 3 D P D F .  A 
c o n c er n is h o w t o m o nit or pr o gr e ss si n c e t h e C M M pr o gr a m m er n or m all y 
us e s t h e s p e c  s h e et t o m ar k off m e as ur e m e nt s as  d o n e.  H o w c a n w e m a k e 
it s o t h at t h e 3 D P D F  c a n b e writt e n o n or m o difi e d ?  

C M M Pr o gr a m m er 
I nt er vi e w 

S p e nt 1 h o ur wit h it.  V er y i nt uiti v e a n d t h e h el p f e at ur e s ar e e as y t o us e. 

C M M Pr o gr a m m er 
I nt er vi e w 

T a ki n g n ot e s is i m p ort a nt t o t h e pr o c e ss. If t h e p art h a d m or e f e at ur es it 
w o ul d b e v er y diffi c ult t o n ot us e a p a p er -b as e d s h e et t o m ar k pr o gr e ss.  
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4. 1 0.  U s e C a s e 1 0: P r e p a r e f or I n s p e cti o n  

4. 1 0. 1.  D e s c ri pti o n  

T his us e c as e i n cl u d es t h e pr o c ess pl a n ni n g a cti viti es ass o ci at e d wit h t h e q u alit y e n gi n e er 
pl a n ni n g f or pr o d u ct a c c e pt a n c e b y  i ns p e cti o n.  T h e Pr e p ar e f or I ns p e cti o n us e c as e st art e d wit h 
a K C S N C pr o c ess m e eti n g i n v ol vi n g t h e pr o c ess, p ur c h as e, a n d q u alit y e n gi n e ers.  Si n c e t h e 
M A P -R p arts w er e t o b e tr e at e d as W ar R es er v e ( W R ) pr o d u ct, a n d it w as d et er mi n e d t o b e 
p ur c h as e d pr o d u ct, a P O Q R w as cr e at e d fr o m t h e pr o d u ct d efi niti o n. T h e P O Q R i n cl u d e d t h e 
f oll o wi n g el e m e nts: 

•  S u p pli er Q u alit y Pr o gr a m r e q uir e m e nt  

•  C ali br ati o n/ T esti n g S p e cifi c ati o ns  

•  C ertifi c ati o n T y p e  

•  Ot h er Q u alit y R e q uir e m e nts  

•  P a c k a gi n g  

•  I n Pr o c ess / S o ur c e I ns p e cti o n 

•  B u y er I nf or m ati o n  

S o m e n ot e w ort h y c o nt e nt c a m e fr o m t h e P O Q R. Th e s ell er s h all pr o vi d e di m e nsi o n al i ns p e cti o n 
d at a f or a ll f e at ur es o n 1 0 0 % of t h e p arts.  A s u p pli er C M M pr o gr a m w as a p pr o v e d t o m e as ur e a 
mi ni m u m of 3 7 diff er e nt pr o d u ct c h ar a ct eristi cs. 

A cti viti es f or t his us e c as e i n v ol v e d r e vi e wi n g pr o d u ct r e q uir e m e nts a n d est a blis hi n g s uit a bl e 
a c c e pt a n c e m et h o ds f or b ot h p arts. T his i n cl u d es d et er mi n ati o n of t h e r e q uir e d q u alit y s yst e m 
l e v el of t h e s el e ct e d v e n d ors, as w ell as a n e x a mi n ati o n of t h e a v ail a bl e i ns p e cti o n e q ui p m e nt.  

•  Q u alit y d o c u m e nt ati o n a n d i ns p e cti o n r e q uir e m e nts w er e o utli n e d a n d r el a y e d t o t h e 
s u p pli ers t hr o u g h t h e P ur c h as e O r d er ( P O).  

•  T h e K C N S C q u alit y e n gi n e er d o c u m e nt e d t h e a c c e pt a n c e m et h o d f or e a c h r e q uir e m e nt 
a n d pr e p ar e d t h e I ns p e cti o n I nstr u cti o n i n S ol u mi n a ® . A d at a p a c k a g e w as als o cr e at e d, 
w hi c h c oll e ct e d all r e q uir e d dr a wi n gs a n d d o c u m e nts f or i ns p e cti o n us e ( a d d e n d u m 
i n d e x). 

•  I n or d er t o e x p e dit e t h e i ns p e cti o n pr o c ess, it w as d e ci d e d t o utili z e s u p pli er i ns p e cti o n 
e q ui p m e nt a n d K C N S C s o ur c e i ns p e ct ors t o p erf or m i ns p e cti o n a cti vit y. T his all o w e d us 
t o a v oi d h e a v y w or k l o a d q u e u es i n K C N S C. 

•  T h e m et h o ds f or i ns p e cti o n w er e s el e ct e d b y t h e K C N S C q u alit y e n gi n e er, r el yi n g 
h e a vil y o n C M M d u e t o c o m pl e x G D & T f e at ur es o n t h e d esi g ns, t o e as e c a pt uri n g 
v ari a bl es d at a.  

•  A c c e pt a n c e m et h o ds w er e r e vi e w e d f or c o m pli a n c e wit h t h e r e q uir e d T est A c c ur a c y 
R ati o ( 4: 1). I ns p e cti o n m et h o ds w er e k e pt as cl os e t o e q ui v al e nt as p ossi bl e b et w e e n t h e 
t w o v e n d ors. 
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4. 1 0. 2.  Dr a wi n g -B a s e d a n d M o d el -B a s e d Diff e r e n c e s  

T h e tr a diti o n al dr a wi n g pr o c ess p arts w er e f a bri c at e d at Gr a h a m.  T h e C M M us e d at Gr a h a m 
w as n ot a c c ur at e e n o u g h t o i ns p e ct c ert ai n t ol er a n c es o n t h e pr o d u ct , s o a d e vi ati o n w as writt e n 
t o a c c o u nt f or t his d efi ci e n c y.  T h e C M M at Gr a h a m d o es n ot h a v e s c a n ni n g c a p a biliti es li k e t h e 
o n e us e d at Ar u n d el. 

Cr e ati n g t h e dr a wi n g- b as e d i ns p e cti o n pl a n i n v ol v e d usi n g dr a wi n g hi g hli g hti n g t o ols t h at 
i d e ntif y i ns p e cti o n m et h o ds f or e a c h i ns p e cti o n r e q uir e m e nt (i. e., pr o d u ct c h ar a ct eristi c). Se e 
Fi g ur e 4- 3 7 .  As e x p e ct e d, t his s oft w ar e t o ol w as n ot a v ail a bl e f or t h e m o d el - b as e d 3 DI V. 

 

Fi g ur e 4- 3 7  Dr a wi n g -B a s e d I n s p e cti o n Pl a n M et h o d s - T o ol Hi g hli g hti n g . 

T a bl e 4- 7  s h o ws t h e ti m e all o c at e d t o pr e p ar e f or i ns p e cti o n.  T his is a bit s k e w e d o n t h e 
dr a wi n g -b as e d ti m e as d uri n g t h e dr a wi n g -b as e d f a bri c ati o n it w as d et er mi n e d t h at K C N S C’s 
r e c ei vi n g i ns p e cti o n w o ul d n ot b e p erf or me d  i n a ti m el y f as hi o n. T h e d e cisi o n w as t o p erf or m 
s o ur c e i ns p e cti o n.   

T a bl e 4- 7 Pr e p ar e f or I n s p e cti o n Ti mi n g D at a . 

Tr a diti o n al Dr a wi n g -B as e d  M o d el -B as e d ( M A P -R) P ar a di g m  

6 6. 9 8 h o urs  2 3. 8 9 h o urs  

 

4. 1 0. 3.  H u m a n F a ct or s D at a  

H u m a n f a ct ors d at a w as u n a bl e t o b e c oll e ct e d f or t his us e c as e.  
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4. 1 0. 4.  A cti viti e s a n d E rr or s  

O n e S p e cifi c ati o n E x e m pti o n R el e as e ( S X R ) w as b as e d u p o n t h e i n a bilit y f or o n e of t h e v e n d ors 
t o h a v e a c c ess t o a n i ns p e cti o n m et ho d t h at c o m pli e d t o t h e r e q uir e d 4: 1 t est a c c ur a c y r ati o.  

4. 1 0. 5.  Fi n di n g s of N ot e  

O bs er v ati o ns fr o m t h e K C N S C Q u alit y E n gi n e er i n cl u d e t h e f oll o wi n g: 

It w as i m p ort a nt t h at t h e t e a m f o u n d si g nifi c a nt pr o d u ct d efi niti o n iss u es pr e vi o usl y u n k n o w n t o 
t h e e nt er pris e.  T h e t e a m  r e c ei v e d g o o d r es p o ns es fr o m all of t h os e w h o sa w  a n d us e d a 3 DI V.  
Q u ot es i n cl u d e d :  

•  I li k e it, I li k e it a l ot.  

•  It’s a b o ut ti m e!   

A d diti o n all y, t h e K C N S C Q u alit y E n gi n e er i d e ntifi e d a n o p p ort u nit y f or t h e M B E Q u alit y 
a cti vit y t o i n cl u d e t h e a ut o m at e d cr e ati o n of a Bill of C h ar a ct eristi cs ( B o C) a n d i ns p e cti o n 
pl a n ni n g f u n cti o n. T his c o ul d p ot e nti all y r e d u c e t h e Q E ti m e t o g e n er at e a n d d o c u m e nt 
i ns p e cti o ns pl a n b y 3 0 %- 6 0 %. 
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T his p a g e i nt e nti o n all y l eft bl a n k.  
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4. 1 1.  U s e C a s e 1 1: I n s p e ct P a rt  

4. 1 1. 1.  D e s c ri pti o n  

T h e t w o i ns p e cti o n a cti viti es a d dr ess e d i n t his us e c as e i n cl u d e t h e first arti cl e i ns p e cti o n a n d t h e 
s o ur c e i ns p e cti o n.  B ot h a cti viti es ar e c o n d u ct e d at t h e s u p pli er sit e a n d ar e v er y si mil ar  wit hi n 
a n d b et w e e n b ot h t h e dr a wi n g- b as e d a n d m o d el -b as e d pr o c ess es.  T h e pri m ar y diff er e n c e 
b et w e e n t h es e a cti viti es , wit hi n e a c h pr o c ess, is w h e n t h e y ar e p erf or m e d a n d w h o  is p erf or mi n g 
t h e i ns p e cti o n.   

T h e first arti cl e i ns p e cti o n is p erf or m e d b y t h e s u p pli er, usi n g s u p pli er e q ui p m e nt. Th e s o ur c e 
i ns p e cti o n is p erf or m e d s e c o n d b y a K C N S C i ns p e ct or, usi n g K C N S C e q ui p m e nt.  T h e y b ot h 
st art wit h  t h e i ns p e ct or r e vi e wi n g t h e m e as ur e m e nt s h e et . F or t h e first arti cl e i ns p e cti o n, t h e 
i ns p e ct or m e as ur es  all i n di c at e d f e at ur es.  T his diff ers fr o m t h e s o ur c e i ns p e cti o n, w h er e t h e 
i ns p e ct or s el e cts a gr o u p of m e as ur e m e nts (s o m e i n di c at e d b y t h e c ust o m er, a n d s o m e at t h eir 
dis cr eti o n) t o a n al y z e. T h e y t h e n b ot h p erf or m t h e ir m e as ur e m e nts o n a s a m pl e of p arts t o 
c o n fir m t h at t h e y ar e wit hi n s p e cifi c ati o n of t h e d esi g n.  N ot e  t h at s o ur c e i ns p e ct ors h av e  at t h eir 
dis p os al t h e r es ults of t h e first arti cl e i ns p e cti o n  a n d  m a k e it a p oi nt t o k n o w h o w t h e first arti cl e 
i ns p e ct or p erf or m e d t h eir m e as ur e m e nts. T h e y t h e n tr y to d u pli c at e t h e r es ults a n d als o 
s o m eti m es p erf or m t h e m i n a n alt er n at e w a y t o e n s ur e a c c ur a c y.   

A n y iss u es dis c o v er e d b y t h e first arti cl e i ns p e cti o n will n e c essit at e a c h a n g e t o t h e 
m a n uf a ct uri n g pr o c e d ur e s a n d s u bs e q u e nt r e-r u n of p arts if n e e d e d.  A n y is s u es dis c o v er e d b y 
t h e s o ur c e i ns p e ct or m a y r e q uir e f ull r e w or k b ut t his is e xtr e m el y r ar e, si n c e b y t h e ti m e t h e 
s o ur c e i ns p e cti o n is p erf or m e d, t h e p art(s) h as b e e n t hr o u g h t w o ot h er i ns p e cti o ns a n d m ost 
li k el y a n y iss u es will h a v e b e e n c a u g ht a n d r e me di e d at t h at ti m e.   

4. 1 1. 2.  Dr a wi n g -B a s e d a n d M o d el -B a s e d Diff e r e n c e s  

As dis c uss e d pr e vi o usl y, t h er e w er e littl e if a n y tr u e diff er e n c es b et w e e n t h e dr a wi n g- b as e d a n d 
m o d el- b as e d pr o c ess first arti cl e i ns p e cti o ns  ot h er t h a n t h e r ef er e n c e m at eri al us e d f or t h e 
pr o c ess.  

•  At Gr a h a m, t h e i ns p e ct or utili z e d t h e S ol u mi n a pl a n a n d t h e dr a wi n gs fr o m t h e 
a d d e n d u m i n d e x t o r e vi e w C M M d at a a n d i ns p e ct ot h er f e at ur es. 

•  At Ar u n d el, t h e i ns p e ct or utili z e d t h e S ol u mi n a pl a n a n d t h e 3 DI V fr o m t h e a d d e n d u m 
i n d e x t o r e vi e w C M M d at a a n d i ns p e ct ot h er f e at ur es. 

T his is r efl e ct e d b y t h e w or kl o a d m o d els dis pl a y e d i n Fi g ur e 4- 3 8  a n d Fi g ur e 4- 3 9  a n d is 
pri m aril y d u e t o t h e i ns p e ct ors p erf or mi n g t h eir a cti viti es i n a v er y si mil ar f as hi o n . T h at is, t h e y 
w o ul d cr e at e  a t a bl e of m e as ur e m e nts fr o m t h e r ef er e n c e m at eri als, r e g ar dl ess of t h e t y p e, a n d 
us e t h at t a bl e as t h e pri m ar y r ef er e n c e f or t h eir i ns p e cti o n a cti viti es.  T h e y di d c o ns ult t h e 
r ef er e n c e m at eri als t o u n d erst a n d t h e n at ur e of t h e f e at ur es t h e y w er e m e as uri n g, b ut t his di d n ot 
i m p a ct ti m e f or t h e m o d el.  
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4. 1 1. 3.  H u m a n F a ct or s D at a  

4. 1 1. 3. 1.  W or kl o a d M o d el s C o m p ari s o n  

 

Fi g ur e 4- 3 8  M a n uf a ct uri n g Fi r st Arti cl e I n s p e cti o n – Dr a wi n g -B a s e d W or kl o a d M o d el . 

 

Fi g ur e 4- 3 9  M a n uf a ct uri n g Fi r st Arti cl e I n s p e cti o n – M o d el -B a s e d W or kl o a d M o d el . 

T h e l a c k of diff er e n c es b et w e e n t h e t w o pr o c ess es f or  t his us e c as e ar e als o r efl e ct e d i n Fi g ur e 
4- 4 0  f or ti m e at w or kl oa d  l e v el.  

0. 0 0

5. 0 0

1 0. 0 0

1 5. 0 0

2 0. 0 0

2 5. 0 0

0 0: 0 0: 0 0. 0 0 0 0: 0 1: 0 0. 0 0 0 0: 0 3: 0 0. 0 0 0 0: 1 1: 0 0. 0 0 0 0: 2 4: 0 0. 0 0 0 0: 3 2: 0 0. 0 0

W
or

kl
oa

d

Ti m e

M a n uf a ct uri n g First Arti cl e I ns p e cti o n - Dr a wi n g

0. 0 0

5. 0 0

1 0. 0 0

1 5. 0 0

2 0. 0 0

2 5. 0 0

0 0: 0 0: 0 0. 0 0 0 0: 0 1: 0 0. 0 0 0 0: 0 3: 0 0. 0 0 0 0: 1 1: 0 0. 0 0 0 0: 2 4: 0 0. 0 0 0 0: 3 2: 0 0. 0 0

W
or

kl
oa

d

Ti m e

M a n uf a ct uri n g First Arti cl e I ns p e cti o n - M o d el
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Ti m e at  W or kl o a d L e v el f or M a n uf a ct uri n g Fir st Arti cl e I n s p e cti o n –  Dr a wi n g  

L o w  M e d  Hi g h  

0 -1 4  1 5 -1 8  1 9 - 2 1  

0: 0 3: 0 0  0: 0 0: 0 0  0: 2 9: 0 0  
 

Ti m e at  W or kl o a d L e v el f or M a n uf a ct uri n g Fir st Arti cl e I n s p e cti o n –  M o d el  
L o w  M e d  Hi g h  

0 -1 4  1 5 -1 8  1 9 - 2 1  

0: 0 3: 0 0  0: 0 0: 0 0  0: 2 9: 0 0  
 

 

Fi g ur e 4- 4 0  Ti m e at W or kl o a d L e v el s f or M a n uf a ct uri n g Fi r st Arti cl e I n s p e cti o n . 

 
Fi g ur e 4 -4 1  a n d Fi g ur e 4 -4 2  d e pi ct t h e  t w o first arti cl e i ns p e cti o ns. 

 

 

Fi g ur e 4- 4 1  G r a h a m Fi r st Arti cl e I n s p e cti o n ( n ot e u s e of d r a wi n g). 
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Fi g ur e 4- 4 2  Ar u n d el Fir st Arti cl e I n s p e cti o n ( n ot e u s e of 3 DI V) . 

 
I n m u c h t h e s a m e w a y, t h e s o ur c e i ns p e cti o n di d n ot diff er gr e atl y b et w e e n t h e dr a wi n g-b as e d 
a n d m o d el- b as e d pr o c ess es ; h o w e v er, t h er e is a s m all dis cr e p a n c y i n ti m e t o p erf or m t h e e arl y 
s et u p a cti viti es, w h er e t h e m o d el -b as e d i ns p e ct or s p e nt a littl e m or e ti m e ori e nti n g t o t h e 3 D  
P D F  t o a n al y z e f e at ur es.   Fi g ur e 4- 4 3  a n d Fi g ur e 4- 4 4  pr o vi d e t h e d et ails. 

 

Fi g ur e 4- 4 3  M a n uf a ct uri n g S o ur c e I n s p e cti o n – Dr a wi n g -B a s e d W or kl o a d M o d el . 

 

0. 0 0

5. 0 0

1 0. 0 0

1 5. 0 0

2 0. 0 0

2 5. 0 0

W
or

kl
oa

d

Ti m e

M a n uf a ct uri n g S o ur c e I ns p e cti o n - Dr a wi n g
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Fi g ur e 4- 4 4  M a n uf a ct uri n g S o ur c e I n s p e cti o n – M o d el -B a s e d W or kl o a d M o d el . 

As di s c uss e d e arli er, t h er e w as a mi n or diff er e n c e b et w e e n t h e t w o pr o c ess es c o n c er ni n g t h e 
p erf or m a n c e of t h e s o ur c e i ns p e cti o n.  T his diff er e n c e w as a p p ar e nt i n t h e m o d el- b as e d pr o c ess, 
a n d w hil e n ot aff e cti n g t h e ti m e t h e i ns p e ct or s p e nt i n t h e hi g h w or kl o a d c o n diti o n, it di d aff e ct 
o v er all ti m e sli g htl y  i n t h e l o w w or kl o a d c o n diti o n. S e e Fi g ur e 4- 4 5  f or m or e d et ail. 

 
Ti m e at  W or kl o a d L e v el f or M a n uf a ct uri n g S o ur c e I ns p e cti o n –  Dr a wi n g  

L o w  M e d  Hi g h  

0 -1 4  1 5 -1 8  1 9 - 2 1  

0: 2 8 : 0 0 2: 0 0: 0 0  3: 0 5: 0 0  
 

Ti m e at  W or kl o a d L e v el f or M a n uf a ct uri n g S o ur c e I ns p e cti o n –  M o d el  
L o w  M e d  Hi g h  

0 -1 4  1 5 -1 8  1 9 - 2 1  

0: 5 3 : 0 0 2: 0 0: 0 0  3: 0 5: 0 0  
 

 

Fi g ur e 4- 4 5  Ti m e at W or kl o a d L e v el s f or M a n uf a ct uri n g S o ur c e I n s p e cti o n . 

4. 1 1. 3. 2.  S ur v e y D at a  

T h e N A S A T L X a n d S A R T s ur v e y d at a di d n ot u n c o v er a n y si g nifi c a nt w or kl o a d or sit u ati o n 
a w ar e n ess iss u es f or eit h er of t h e i ns p e cti o n a cti viti es f or eit h er of t h e pr o c ess es. 

4. 1 1. 4.  A cti viti e s a n d E rr or s  

F or b ot h pr o c ess es, n o err ors w er e o bs er v e d or r e p ort e d b y t h e i ns p e ct ors f or eit h er a cti vit y.  

0. 0 0

5. 0 0

1 0. 0 0

1 5. 0 0

2 0. 0 0

2 5. 0 0

M a n uf a ct uri n g S o ur c e I ns p e cti o n - M o d el -B as e d
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4. 1 1. 5.  Fi n di n g s of N ot e  

T h er e w er e a f e w s m all a n e c d ot al fi n di n gs i n t h e f or m of c o m m e nts m a d e b y t h e i ns p e ct ors , 
w hi c h ar e c a pt ur e d i n T a bl e 4- 8 . 

 
T a bl e 4- 8 I n s p e ct P art C o m m e nt s. 

E v e nt  Fi n di n g s / C o m m e nt / O bs er v ati o n  

S o ur c e I ns p e ct or I nt er vi e w 
( Dr a wi n g-b as e d)  

It w as diffi c ult t o m e as ur e t h e l ar g e p ass-t hr o u g h h ol e. E v e nt u all y us e d 
a c yli n d er a n d m e as ur e d  t h e d e pt h. 

First Arti cl e I ns p e ct or 
I nt er vi e w ( M o d el-b as e d)  

Mi g ht b e e asi er wit h t h e 3 D  P D F  t o vis u ali z e c o m pli c at e d f e at ur e s.  
C o ul d b e a ti m e s a v er t o fi n d all t h e c h all e n gi n g f e at ur e s of a p art. 

First Arti cl e I ns p e ct or 
I nt er vi e w ( M o d el-b as e d)  

N or m all y us es t h e pri nt as t h e i ns p e cti o ns m ast er , b ut will n o w h a v e t o 
fi g ur e o ut h o w t o us e t h e 3 D P D F  f or t his. 

First Arti cl e I ns p e ct or 
I nt er vi e w ( M o d el-b as e d)  

A d ds t h e m e as ur e m e nt s ri g ht off t h e pri nt i nt o t h e r e p ort.  Writ es 
m e as ur e m e nt s d o w n o n pri nt , t h e n a d ds t o r e p ort. 

First Arti cl e I ns p e ct or 
I nt er vi e w ( M o d el-b as e d)  

W o ul d pr o b a bl y pri nt o ut  all  vi e w s.  It  is h ar d t o n ot us e a pri nt a n d 
k e e p it all di git al . 
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4. 1 2.  U s e C a s e 1 2: R e q u e st P r o d u ct C h a n g e  

4. 1 2. 1.  D e s c ri pti o n  

T his us e c as e i n v ol v es t h e a cti viti es ass o ci at e d wit h r e q u esti n g a pr o d u ct c h a n g e.  Pr o d u ct 
c h a n g e r e q u est s w er e n ot pr e pl a n n e d b ut h a p p e n e d n at ur all y f or b ot h t h e tr a diti o n al dr a wi n g-
b as e d a n d m o d el- b as e d p ar a di g m . O n b ot h d efi niti o n s ets, a n E n gi n e eri n g A ut h ori z ati o n ( E A) 
pr o d u ct c h a n g e w as i niti at e d t o c orr e ct a tr a ns cri pti o n err or i n t h e pr o d u ct d efi niti o n.   

4. 1 2. 2.  Dr a wi n g -B a s e d a n d M o d el -B a s e d Diff e r e n c e s  

F or t h e tr a diti o n al dr a wi n g- b as e d  p ar a di g m, t h e pr a cti c e is oft e n t o cr e at e a n A d v a n c e d C h a n g e 
Or d er ( A C O ). This all o w s t h e P A  t o c o nti n u e w or k wit h o ut h a vi n g t o u p d at e a n d r el e as e t h e 
dr a wi n gs. T h e A C O a c k n o wl e d g es w h at t h e c h a n g es will b e a n d is us e d i n c o nj u n cti o n wit h t h e 
r el e as e d iss u e of t h e dr a wi n g, t h us b e c o mi n g t h e c urr e nt d efi niti o n.  

N ot e : T h e A C O o nl y c o nt ai ns t e xt u al d es cri pti o n of t h e c h a n g es, a n d t h os e c h a n g es m ust b e 
c o m pl et e d a n d r el e as e d wit hi n 9 0 d a ys of t h e r el e as e of t h e A C O.  

F or t h e n e w m o d el- b as e d p ar a di g m, utili zi n g t h e  A C Os w as n ot p ossi bl e. T h e m o d el d efi niti o n 
r eli e d o n t h e m o d el a n d its e n c a ps ul at e d d at a.  Th er ef or e , a Fi n al C h a n g e Or d er ( F C O) w as us e d. 
T h e c h a n g es t o t h e m o d el ( d efi niti o n) w er e c o m p et e d a n d r el e as e d wit h t h e F C O. S e e T a bl e 4- 9  
a n d T a bl e 4- 1 0  f or m or e d et ail. 

T a bl e 4- 9 K C N S C C h a n g e Or d er Ti mi n g D at a . 

Tr a diti o n al Dr a wi n g -B as e d  M o d el -B as e d ( M A R -R) P ar a di g m  

0. 5 8 h o urs  0. 9 9 h o urs  

 

T a bl e 4- 1 0  K C N S C E x c e pti o n R e p orti n g Ti mi n g D at a . 

Tr a diti o n al Dr a wi n g -B as e d  M o d el -B as e d ( M A R -R) P ar a di g m  

2. 5 7 h o urs  0. 6 5 h o urs  

 

4. 1 2. 3.  H u m a n F a ct or s D at a  

H u m a n f a ct ors d at a w as u n a bl e t o b e c oll e ct e d f or t his us e c as e.  

4. 1 2. 4.  A cti viti e s a n d E rr or s  

N o si g nifi c a nt pr o c ess err ors w er e o bs er v e d or r e p ort e d d uri n g t his us e c as e.  
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4. 1 2. 5.  Fi n di n g s of N ot e  

S N L cr e at es a n d m a n a g e s its E As ( pr o d u ct c h a n g e s yst e m) i n a s e p ar at e I T s yst e m dis c o n n e ct e d 
fr o m t h e Pr o d u ct D at a M a n a g e m e nt s yst e m t h at is us e d t o c o nfi g ur e m a n a g e  dr a wi n gs,  m o d els 
a n d M Ls. F or b ot h d efi niti o n s ets, t h e e n gi n e er w a s r e q uir e d t o e nt er t h e c h a n g e i nf or m ati o n 
t wi c e: e nt er t h e c h a n g e i nt o t h e P D M s yst e m s o t h e a ff e ct e d o bj e cts c o ul d b e r e vis e d, a n d t h e n 
e nt er  t h e c h a n g e i nt o t h e S N L E A W e b t o ol t o cr e at e t h e E A.  
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4. 1 3.  U s e C a s e 1 3: Cr e at e Q u alit y A s s ur a n c e I n s p e cti o n P r o c e d ur e ( Q AI P)  

4. 1 3. 1.  D e s c ri pti o n  

T his us e c as e i n cl u d es t h e a cti viti es ass o ci at e d wit h pr e p ari n g a n d c o n d u cti n g a si m ul at e d Q AI P 
wit h t h e N N S A sit e offi c e’s q u alit y e n gi n e er a n d i ns p e ct or, al o n g wit h t h e K C N S C q u alit y 
e n gi n e er a n d i ns p e ct or.  

T h e Q AI P i ns p e cti o n is p erf or m e d i n m u c h t h e s a m e w a y as t h e s o ur c e i ns p e cti o n ; h o w e v er, it is 
p erf or m e d b y N ati o n al N u cl e ar S e c urit y A d mi nistr ati o n ( N N S A) r e pr es e nt ati v es aft er r e c ei vi n g 
t h e p arts at t h e c ust o m er sit e. M u c h li k e t h e s o ur c e i ns p e cti o n, t h e Q AI P i n s p e ct or r e c ei v es a 
r e p ort o n w h at a n d h o w t h e p art w as m e as ur e d b y t h e pr e vi o us i ns p e ct or (i n t his c as e t h e s o ur c e 
i ns p e ct or) a n d oft e n tri es t o m e as ur e t h e p art i n a diff er e nt w a y t o e ns ur e v ali d ati o n of r es ults.  It 
m ust b e n ot e d t h at t h er e ar e s o m e a d mi nistr ati v e a cti viti es ass o ci at e d wit h t h e Q AI P pri or t o a n d 
f oll o wi n g t h e a ct u al i ns p e cti o ns t h at w er e n ot i n cl u d e d i n t his a n al ysis b e c a us e of t h e li mit e d 
us a g e of t h e r ef er e n c e m at eri als i n t h os e a cti viti es.  F urt h er m or e, t h e Q AI P t y pi c all y o nl y 
i n cl u d es a p arti al i ns p e cti o n. 

•  K a ns as Cit y Fi el d Offi c e ( K C F O ) i ns p e cti o n of K C N S C i ns p e ct e d pr o d u ct  

•  B ot h p arts w er e r e vi e w e d a n d a p pr o v e d b y K C F O i ns p e ct ors usi n g si mil ar m et h o ds 

4. 1 3. 2.  Dr a wi n g -B a s e d a n d M o d el -B a s e d Diff e r e n c e s  

O v er all t h e Q AI P t o o k t h e s a m e a m o u nt of ti m e t o a c c o m plis h f or e a c h pr o c ess, wit h si mil ar 
a ct i viti es p erf or m e d f or e a c h.  H o w e v er, it w as n ot e d t h at t h e dr a wi n g-b as e d pr o c ess a cti viti es 
w er e sli g htl y hi g h er i n w or kl o a d d u e t o t h e r e p ort of i n cr e as e d diffi c ult y i n dis c er ni n g c ert ai n 
m e as ur e d f e at ur es w hil e usi n g t h e dr a wi n g r ef er e n c e m at eri als.  T his diff er e n c e is r efl e ct e d i n 
Fi g ur e 4- 4 6  a n d Fi g ur e 4- 4 7 . 

K C N S C ti m e f or s u p p orti n g t h e Q AI P a n d N N S A’s ti m e p erf or mi n g t h e Q AI P is s h o w n i n T a bl e 
4- 1 1 : 

 

T a bl e 4- 1 1  K C N S C Q AI P Ti mi n g A n al y si s . 

Tr a diti o n al Dr a wi n g -B as e d  M o d el -B as e d ( M A P -R) P ar a di g m  

1 0. 0 0 h o urs  9. 0 0 h o urs  
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4. 1 3. 3.  H u m a n F a ct or s D at a  

4. 1 3. 3. 1.  W or kl o a d M o d el s C o m p ari s o n  

 

 

Fi g ur e 4- 4 6  Q AI P – Dr a wi n g -B a s e d W or kl o a d M o d el . 

 

 

Fi g ur e 4- 4 7  Q AI P – M o d el -B a s e d W or kl o a d M o d el . 

  

0. 0 0

2. 0 0

4. 0 0

6. 0 0

8. 0 0

1 0. 0 0

1 2. 0 0

1 4. 0 0

1 6. 0 0

1 8. 0 0

2 0. 0 0

0 0: 0 0: 0 0. 0 0 0 0: 0 0: 0 5. 0 0 0 0: 0 5: 0 5. 0 0 0 0: 0 7: 0 5. 0 0 0 0: 1 7: 0 5. 0 0

W
or

kl
oa

d

Ti m e

Q AI P - Dr a wi n g

0. 0 0

2. 0 0

4. 0 0

6. 0 0

8. 0 0

1 0. 0 0

1 2. 0 0

1 4. 0 0

1 6. 0 0

1 8. 0 0

2 0. 0 0

0 0: 0 0: 0 0. 0 0 0 0: 0 0: 0 5. 0 0 0 0: 0 5: 0 5. 0 0 0 0: 0 7: 0 5. 0 0 0 0: 1 7: 0 5. 0 0

W
or

kl
oa

d

Ti m e

Q AI P - M o d el
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T h e diff er e n c e i n diffi c ult y d es cri b e d e arli er is als o r efl e ct e d b y t h e ti m e s p e nt i n t h e hi g h 
w or kl o a d c o n diti o n f or t h e dr a wi n g- b as e d pr o c es s i n  Fi g ur e 4- 4 8 . 
 

Ti m e at  W or kl o a d L e v el f or Q AI P –  Dr a wi n g  
L o w  M e d  Hi g h  

0 -1 4  1 5 -1 8  1 9 - 2 1  

0: 1 0: 0 5  0: 0 0: 0 0  0: 0 7: 0 0  
 

Ti m e at  W or kl o a d L e v el f or Q AI P –  M o d el  
L o w  M e d  Hi g h  

0 -1 4  1 5 -1 8  1 9 - 2 1  

0: 1 5: 0 5  0: 0 0: 0 0  0: 0 2: 0 0  
 

 

Fi g ur e 4- 4 8  Ti m e at W or kl o a d L e v el s f or Q AI P . 

 

4. 1 3. 3. 2.  S ur v e y D at a  

S ur v e y d at a w as n ot a bl e t o b e c a pt ur e d f or t h e Q AI P a cti viti es d u e t o ti m e c o nstr ai nts. 

4. 1 3. 4.  A cti viti e s a n d E rr or s  

N o err ors w er e o bs er v e d or r e p ort e d f or t h e Q AI P a cti viti es f or eit h er pr o c e ss; h o w e v er, t h er e 
w as s o m e diffi c ult y o bs er v e d f or t h e m o d el- b as e d pr o c ess i n v ol vi n g i niti al s et u p of t h e 
c o m p ut ers us e d f or i ns p e cti o n t o dis pl a y t h e 3 D P D F  c orr e ctl y.  T his w as n ot e d as a n iss u e wit h 
t h e f a cilit y I nf or m ati o n Te c h n ol o g y (I T) i nfr astr u ct ur e , a n d as s u c h , t h e ti m e t o r e m e d y w as n ot 
r e c or d e d i n t h e m o d el si n c e it is e x p e ct e d t h at t h es e e v e nts w er e i di os y n cr ati c i n n at ur e a n d 
ulti m at el y n ot r el e v a nt t o t h e st u d y.  
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4. 1 3. 5.  Fi n di n g s of N ot e  

At t h e st art of t h e pr oj e ct , t h e t e a m d et er mi n e d t h at if N N S A c o ul d n ot e xe c ut e t h e Q u alit y 
Ass ur a n c e I ns p e cti o n Pr o c e d ur e ( Q AI P)  usi n g t h e m o d el- b as e d d efi niti o n t h er e w o ul d b e a 
si g nifi c a nt r e d u cti o n i n t h e b usi n ess v al u e of t h e m o d el- b as e d p ar a di g m. H o w e v er, t h e st u d y d at a 
i n di c at es t h at N N S A c a n utili z e a m o d el-b as e d p art c e ntri c d efi niti o n i n t h eir Q AI P wit h n o 
si g nifi c a nt i m p a ct o n t h e pr o c ess e x e c uti o n ti m e.  T h er e w er e a f e w c o m m e nts of n ot e m a d e b y 
t h e N N S A i ns p e ct ors d uri n g t h e Q AI P a cti viti es t h at r efl e ct t h e diff er e n c es b et w e e n t h e dr a wi n g-
b as e d a n d m o d el- b as e d r ef er e n c e m at eri al.  T h es e ar e r efl e ct e d b el o w:  
 

•   I li k e d h o w t h e 3 D m o d el ar e a [i. e., 3 DI V f a c e] w as hi g hli g ht e d w h e n y o u cli c k e d o n t h e 
dr a wi n g r e q uir e m e nt [i. e., t ol er a n c e a n n ot ati o n]. It m a d e it v er y o b vi o us  w h at f e at ur e w as 
t o b e m e as ur e d. [V oi c e d as a m e a ns t o m a k e fi n di n g f e at ur es e asi er f or i ns p e ct ors. ] 

•  T h e l a c k of c o m p ut er a c c ess i n K C N S C’s  r e c ei vi n g i ns p e cti o n ar e a.  [V oi c e d as a 
c o n c er n f or usi n g t h e 3 D P D F  at t h e K a ns as Cit y N ati o n al S e c urit y C a m p u s ( K C N S C) 
w h er e t h e Q AI P s ar e e x e c ut e d. ] 

•  I f elt li k e t h e 3 D dr a wi n g (i. e., 3 DI V) g a v e y o u m o r e d et ail . [ V oi c e d as a n o pi ni o n o n t h e 
utilit y of t h e 3 D  P D F .] 

B as e d o n t h es e c o m m e nt s, it w o ul d s e e m t h at usi n g t h e 3 D P D F  w o ul d w arr a nt b ett er 
p erf or m a n c e f or Q AI P a cti viti es, pr o vi d e d t h at t h e i nfr astr u ct ur e is i n- pl a c e t o all o w f or t h e 
i ns p e ct ors t o utili z e it. 
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4. 1 4.  U s e C a s e 1 4: P e rf or m  E n gi n e e ri n g A n al y si s  

4. 1 4. 1.  D e s c ri pti o n  

T his us e c as e i n cl u d es t h e a cti viti es ass o ci at e d wit h  p erf or mi n g a n e n gi n e eri n g a n al ysis f or a 
s p e cifi c iss u e.  

B e c a us e  t h e m o d el-b as e d M A P - R p ar a di g m f o u n d a t hi n w all iss u e, t h e t e a m d e ci d e d t o p erf or m 
a n e n gi n e eri n g a n al ysis o n t h at ar e a of i nt er est.   

 

4. 1 4. 2.  Dr a wi n g -B a s e d a n d M o d el -B a s e d Diff e r e n c e s  

F or t h e 4 A 1 4 7 3 tr a diti o n al dr a wi n g- b as e d, a dr a wi n g a n d S T E P m o d el w as pr o vi d e d t o p erf or m 
t h e a n al ys es.  F or t h e 4 A 1 4 7 2 m o d el-b as e d M A P - R p ar a di g m, a 3 D T D P w as us e d, w hi c h 
i n cl u d e d t h e A CI S d eri v ati v e m o d el a n d 3 DI V.   

4. 1 4. 3.  H u m a n F a ct or s D at a  

H u m a n f a ct ors d at a w as u n a bl e t o b e c oll e ct e d f or t his us e c as e.  

4. 1 4. 4.  A cti viti e s a n d E rr or s  

N o si g nifi c a nt pr o c ess err ors w er e o bs er v e d or r e p ort e d d uri n g t his us e c as e.  

4. 1 4. 5.  Fi n di n g s of N ot e  

T h e 4 A 1 4 7 2, m o d el- b as e d M A P- R p ar a di g m a n al ysis w as a bl e t o us e t h e A CI S d eri v ati v e 
m o d el, dir e ct l y eli mi n ati n g t h e r e- cr e ati o n a n d pr e p of t h e S T E P m o d el. T a bl e 4- 1 2  s h o ws t h e 
ti m e c oll e ct e d f or t h e tr a diti o n al dr a wi n g- b as e d a p pr o a c h v ers us t h e n e w M A P-R p ar a di g m  
a p pr o a c h. 

 

T a bl e 4- 1 2  E n gi n e eri n g A n al y si s Ti mi n g D at a . 

Tr a diti o n al Dr a wi n g -B as e d  M o d el -B as e d ( M A P -R) P ar a di g m  

5 0 h o urs ( 3 1. 5 m o d el pr e p; 1 8. 5 a n al y zi n g)  1 2. 2 h o urs  
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T his p a g e i nt e nti o n all y l eft bl a n k.  
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4. 1 5.  O v e r all W or kl o a d A n al y si s R e s ult s  

I n a ns w er t o o ur h y p ot h e sis f or t his st u d y, t h e t e a m s et a b o ut t o d et er mi n e, t hr o u g h t h e cr e ati o n 
of w or kl o a d m o d els of o ur a n al y z e d us e c as es, w hi c h of t h e t w o pr o c ess es , dr a wi n g- b as e d or 
m o d el- b as e d, r e q uir e d t h e t as k p erf or m ers t o s p e n d m or e ti m e i n a hi g h w or kl o a d c o n diti o n.  T h e 
s u m m ar y of r es ults f or all w or kl o a d l e v el d at a fr o m o ur m o d els, as d e pi ct e d i n Fi g ur e 4- 4 9 , 
cl e a rl y d e m o nstr at es t h at t h e m o d el-b as e d pr o c ess r e q uir e d t h e pr o c ess p arti ci p a nts t o s p e n d l ess 
ti m e i n a hi g h w or kl o a d c o n diti o n.  I n or d er t o c o m m u ni c at e t his fi n di n g a c c ur at el y t h o u g h, w e 
m ust a c k n o wl e d g e t w o c a v e ats t o t his d at a as d es cri b e d b el o w.  

F irst, n ot all us e c as es w er e m o d el e d.  T his w as d u e i n p art t o ti m e c o nstr ai nts a n d als o b y  
d et er mi ni n g t h at c ert ai n us e c as es, b y t h eir n at ur e, w o ul d w arr a nt m or e a cti vit y wit h t h e 
r ef er e n c e m at eri als t h a n ot h ers. T h er ef or e, t h es e u s e c as es w er e of gr e at er i mp ort a n c e a n d 
r el e v a n c e t o t h e w or kl o a d m o d eli n g a n al ysis t h a n t h e ot h ers.  T h us, t h e ti m es dis pl a y e d b el o w 
s h o ul d n ot b e c o nsi d er e d r e pr es e nt ati o ns of t h e o v er all e x e c uti o n ti m e f or b ot h pr o c ess es, j ust t h e 
ti m e c a pt ur e d f or t h e us e c as es a n al y z e d b y t h e wor kl o a d m o d els. 

S e c o n d, t h e ti m es dis pl a y e d i n Fi g ur e 4- 4 9 , i n s o m e c as es, d o n ot r e pr es e nt t h e e ntir e ti m e s p e nt 
p erf or mi n g t h e us e c as es a n al y z e d eit h er, b ut r at h er t h e ti m e s p e nt w hil e p erf or mi n g a cti viti es f or 
e a c h us e c as e, dir e ctl y r el at e d wit h usi n g t h e r ef er e n c e m at eri als f or e a c h pr o c ess.  

T ot al E x e c uti o n Ti m e  

Dr a wi n g -b as e d  M o d el -b as e d  

8 9: 2 3 : 1 4 8 3: 5 0 : 1 1 

  
Ti m e i n L o w W or kl o a d  

Dr a wi n g -b as e d  M o d el -b as e d  

1 9: 5 6 : 3 1 1 8: 2 2 : 2 8 

  
Ti m e i n M e d W or kl o a d  

Dr a wi n g -b as e d  M o d el -b as e d  

5: 2 4: 3 8  1 2: 0 8: 3 8  

  
Ti m e i n Hi g h W or kl o a d  

Dr a wi n g -b as e d  M o d el -b as e d  

6 4: 0 2: 0 5  5 3: 1 9: 0 5  
 

 

Fi g ur e 4- 4 9  W or kl o a d M o d el T ot al Ti m e at W or kl o a d L e v el . 
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Ulti m at el y , t h e w or kl o a d a n al ysis s et o ut t o a ns w er t h e q u esti o n of w hi c h pr o c ess ( 2 D v ers us 
3 D) is hi g her  i n c o g niti v e w or kl o a d, a n d di d s u c c essf ull y c oll e ct d at a t h at all o w e d us t o, at a 
r u di m e nt ar y l e v el, a ns w er t h at q u esti o n.  As dis c uss e d i n S e cti o n 6 , C o n cl usi o ns , t h e t e a m 
r e c o m m e n ds t h at a m or e f o c us e d e x p eri m e nt b e c o n d u ct e d t o all o w f or a m or e a c c ur at e l o o k at 
w hi c h r ef er e n c e m at eri al aff or ds b ett er p erf or m a n c e wit h s p ati al r ef er e n c e a cti viti es as is 
e x p e ct e d f or m a n y  of t h e us e c as es i n t h e e n d -t o- e n d d esi g n a n d m a n uf a ct uri n g pr o c ess.  
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5.   F O L L O W- O N A C TI VI TI E S A N D N E X T S T E P S 

5. 1.  I nt e gr at e l e s s o n s l e ar n e d i n c urr e nt Lif e E xt e n si o n P r o gr a m( s) 

T h e pri m ar y f oll o w- o n a cti vit y r es ulti n g fr o m t h e M A P -R pr oj e ct is t o d e v el o p a n a cti o n pl a n t o 
t a k e l ess o ns l e ar n e d fr o m M A P-R a n d i nt e gr at e t h e m i nt o c urr e nt Lif e E xt e nsi o n Pr o gr a ms 
( L E P s). At t h e writi n g of t his d o c u m e nt, t h e W 8 0- 4 L E P is t h e n e xt l o gi c al c a n di d at e pr o gr a m t o 
utili z e m o d el - b as e d d efi niti o n a d v a n c e m e nts. T he t e a m h as r e c o m m e n d e d t h e us e of a p art -
c e ntri c , C A D - dri v e n pr o d u ct str u ct ur e t o g e n er at e t h e M L a n d t h e us e of a 3 DI V as t h e A Y 
gr a p hi c.  Fi g ur e 5- 1  s h o w s M L a n d 3 DI V e x a m pl e s.  

 

Fi g ur e 5- 1 M L a n d 3 DI V E x a m pl e s . 
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5. 2.  E x p e ri m e nt al D at a  

Alt h o u g h a wi d e v ari et y of m et h o ds w er e e m pl o y e d t o e v al u at e t h e M A P- R pr o c ess es usi n g 
eit h er dr a wi n g- b as e d or m o d el- b as e d r ef er e n c e m at eri als, t h e f a ct t h at diff er e nt v e n d ors e x e c ut e d 
t h e pr o c ess es m a k es a n y fi n di n gs fr o m t his st u d y a n e c d ot al. W hil e s o m e lit er at ur e s u g g ests 
si g nifi c a nt c ost a n d ti m e s a vi n gs b y s hifti n g d esi g n a n d m a n uf a ct uri n g pr o c ess es fr o m dr a wi n g-
b as e d t o m o d el- b as e d , n o p u blis h e d w or k h as dir e ctl y c o m p ar e d a n d e x a mi n e d t h e diff er e nt 
r ef er e n c e m at eri als wit h r es p e ct t o o p er at or p erf or m an c e, o p er at or c o g niti v e w or kl o a d, a n d 
us a bilit y f or t h e d esi g n a n d m a n uf a ct ur e of pr o d u cts. 
 
E x p eri m e nt al d at a is r e c o m m e n d e d t o a d v a n c e t h e N S E ’s a bilit y t o s ci e ntifi c all y q u a ntif y t h e 
diff er e n c es b et w e e n t h e c urr e nt dr a wi n g -b as e d ( 2 D r ef er e n c e m at eri als)  pr o c ess a n d t h e f ut ur e 
m o d el- b as e d ( 3 D r ef er e n c e m at eri als) pr o c ess.  S p e cifi c all y, a n  e x p eri m e nt s h o ul d b e d esi g n e d t o 
dir e ctl y c o m p ar e a n d q u a ntif y t h e diff er e n c es b et w e e n 2 D a n d 3 D r ef er e n c e m at eri als wit h 
r es p e ct t o o p er at or t as ks r e q uiri n g us e of t h ese m at eri als. F a ct ors t h at c o ul d b e m e as ur e d t o 
ass ess r ef er e n c e m at eri al us e ar e p erf or m a n c e ( b as e d o n s u c c ess of t as k c o m pl eti o n a n d ti m e -t o-
c o m pl et e), c o g niti v e w or kl o a d, a n d us a bilit y. T h e fi n di n gs of s u c h a n e x p eri m e nt c o ul d pr o vi d e 
q u a ntifi a bl e diff er e n c es b et w e e n t h e r ef er e n c e m at eri als, w hi c h m a y i nf or m s e v er al a cti viti es , 
i n cl u di n g c o nsi d er ati o ns f or r ef er e n c e m at eri al c o m p ositi o n, o p er at or tr ai ni n g r e q uir e m e nts, a n d 
w or k t as k d esi g n. 
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6.   C O N C L U SI O N S 

W h e n t h e t e a m c o m bi n e d t h e ti mi n g d at a i n T a bl e 6- 1  wit h t h e h u m a n f a ct ors ti mi n g d at a, t h e 
t w o pr o c ess es  di d yi el d  diff er e n c es , fr o m a ti m e-o n -t as k p ers p e cti v e. T h e  m o d el- b as e d d efi niti o n 
pr o c ess  i n di c at e d a si g nifi c a nt ti m e s a vi n gs i n m a n y c as es. I n a d diti o n, h a vi n g a c c ess t o a tr ust e d 
si n gl e s o ur c e of t h e d efi niti o n pr o v e d t o b e v er y u s ef ul t o e ns ur e t h e P A r e c ei v e d t h e c orr e ct 
i nf or m ati o n. T h e c urr e nt dr a wi n g pr o c ess r e q uir e d h a n d tr a ns cri pti o n of i nf or m ati o n at e v er y 
st e p.  As n ot e d fr o m t h e b o d y of r es e ar c h, t his will m ost li k el y r es ult i n hi g h er a d mi nistr ati v e 
err or r at es , r e w or k, a n d ulti m at el y s c h e d ul e d el a ys.   

T a bl e 6- 1 C o m bi n e d U s e -C a s e Ti mi n g D at a . 

H F E R e vi e w e d Us e -C as e s  8 9. 3 8  8 3. 8 3  

N o n -H F E R e vi e w e d Us e -C as e s  1 5 3. 9 0  6 9. 4 7  

T ot al  2 4 3. 2 8  1 5 3. 3 1  

 

M o d el s all o w t h e a n al ysi s of t hi n gs t h at h u m a ns d o n ot r e a dil y s e e.  T h e m o d el - b as e d d efi niti o n 
f or 4 A 1 4 7 2- 0 0 aff or d e d t h e o p p ort u nit y t o a n al y z e t h e d efi niti o n  e arl y i n t h e d esi g n c y cl e a n d 
i d e ntif y m a n uf a ct ur a bilit y iss u es. Dr a wi n g-b as e d d esi g n r e vi e ws i n m a n y c as es ar e li mit e d t o 
w h at is vis u all y pr es e nt e d t o t h e t e a m. As i d e ntifi e d i n t h e w or kl o a d m o d e s ( C ertif y Pr o d u ct 
D efi niti o n) , t his pr o cess m ai nt ai ns a hi g h c o g niti v e l o a d t hr o u g h o ut t h e r e vi e w a cti viti es . 
U tili zi n g m o d el- b as e d t o ols t o a u g m e nt t h e t e a m’ s a bilit y t o i d e ntif y a n d c orr e ct iss u es c o ul d 
r es ult i n a si g nifi c a nt r e d u cti o n i n d esi g n a n d m a n uf a ct uri n g iss u es.  

At t h e ti m e t h e st u d y w as e x e c ut e d , P T C , t h e v e n d or f or t h e C A D m o d eli n g p a c k a g e, h a d 
r e c e ntl y r el e as e d its S T E P A P 2 4 2 e x p ort c a p a bilit y. T his first att e m pt at r el e asi n g t h e st a n d ar d 
l a c k e d t h e a bilit y t o e x p ort t h e pr o d u ct a n d m a n uf a ct uri n g d at a ( P MI) as “ c o m p ut er r e a d a bl e ” or 
s e m a nti c i nf or m ati o n.  B ei n g a bl e t o  e x p ort t his d at a a n d dis pl a y it i n an i nt er m e di at e/ n at ur al 
f or m at will f urt h er t h e c o n c e pt of a si n gl e s o ur c e fr o m w hi c h d eri v ati v e c o nt e nt c a n b e g e n er at e d 
wit h o ut h u m a n tr a nsl ati o n a n d its ass o ci at e d d el a ys a n d err ors. 

I n s u m m ar y, t h e N S E is c o m mitt e d t o a n M B E Tr a nsiti o n  as  e vi d e nt of a n e w N N S A M o d el-
B as e d E nt er pris e Tr a nsiti o n – I niti ati v e ( M B E T-I) pr oj e ct.  A n M B E M at urit y I n d e x fr a m e w or k 
h as b e e n u p d at e d a n d c o nt e nt pr o p os e d. S N L/ K C N S C c o n d u ct e d N S E’s first a ut h ori z e d p art 
d efi ni n g m o d el (i. e., N O 2 D st ati c d r a wi n g). 

T hi s M A P - R pr oj e ct c o nfir ms t h at pr o d u cts c a n b e r e ali z e d a n d a c c e pt e d fr o m a n a ut h ori z e d 
p art - d efi ni n g m o d el.  T hi s pr oj e ct als o d e m o nstr at e d t h at a Q AI P of a pr o d u ct c a n b e c o n d u ct e d 
fr o m a n a ut h ori z e d p art - d efi ni n g m o d el a n d s h o w e d t h at t h e t e a m c a n b e m or e r es p o nsi v e t o 
c h a n g e. F urt h er m or e, b as e d u p o n h u m a n f a ct ors, t h e s hifti n g of c o g niti v e l o a d r es ult e d i n a 
r e d u cti o n of mist a k e o p p ort u niti es.  T h e pr oj e ct i d e ntifi e d s o m e q u alit y e n gi n e eri n g 
i m pr o v e m e nt o p p ort u niti es a n d n e w ar e as t o e x pl or e. Fi n all y, t he M A P -R e x p eri e n c e w as  m ost 
p ositi v e t o p urs u e si g nifi c a nt M B E i ns erti o n o p p ort u niti es wit hi n t h e W 8 0- 4 a n d f ut ur e W R 
pr o gr a ms. 
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