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Concept of Whit Box, Gray Box & System

Black Box items _ |
Component Component

has design responsibilities of
Acquirer % J P > System Specs. WB

l allocate interface reqs. and functional performance regs. of components
% has design responsibilities of

Supplier Component Specs.

has design responsibilities of
Acquirer % J P > System Specs. wB

l allocate interface regs. and functional performance reqgs. of components.
% has design responsibilities of

Supplier

Component Specs. |GB

WB White box item GB | Gray box item =1-8 Black box item




Generic Top-down SEP
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= In the case of white box and black box items, we ¢
ould apply the generic top-down systems engineer

ing process.

o System architect develops system requirements and allocates the su
bsystem requirements.

o Subsystem designer develop subsystem requirements based on the
allocated requirements.

o The component designer develop the detail design of the component
based on the allocated requirements.

PBS Level Generic Top-down Systems Engineering Process(SEP)
Level 1 Stakeholder Requirements System Requirements
(StRegs, VOC) (SyRegs, e.9.:VTS)
Subsystem Requirements
e (SubsyReqgs, e.9..STS)

Level 3 or Component Requirements

o
i below (CompRegs, €.9.:CTS) o



Usual Problems of Generic Top-@s::

owh SEP sV
85 The subsystem supplier could validate the allo
cated requirements.

5 |In the case of the supplier of Level 3 or below, i
t is not easy to validate requirements.

PBS Level Generic Top-down Systems Engineering Process(SEP)
Level 1 Stakeholder Requirements System Requirements
(StRegs, VOC) (SyRegs, e.g.:VTS)

Are the allocated requirements complete?

Subsystem Requirements

el & (SubsyRegs, €.9..STS)
Are the allocated requirements complete?
Level 3 or Component Requirements
d below (CompRegs, e.9.:CTS)
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Design faults flow down

PBS Level Generic Top-down Systems Engineering Process(SEP)

1 U

System Requirements

Stakeholder Requirements

Level 1 N |
Are the allocated requirements complete? ll |
Level 2 Subsystem Requirements
(SubsyRegs, e.9.:STS)
Are the allocated requirements complete? [
Level 3 or Component Requirements
below (CompRegs, €.9.:CTS)
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for WB & BB Items o

= In the case of Generic top-down SE process
for White-Box & Black-Box Items,

if the allocated requirements have some deficiencies
, the supplier could be protected from design risk tra
nsfer based on the clearly defined design responsibil
ities relative to the gray-box item.

Responsibilities of design INCOSE

Design Generic Top-down Systems
responsibility Engineering Process(SEP)

L] fSySTtem ddesign System Stakeholder Regs | | System Reqs
aults an )
propagation Developer (StReqgs, VOOQ) (SyReqgs, e.g.:VTS)

l_l —

L fSUbIE'YSteg‘ design Subsystem Subsystem Requirements
aults an .
propagation Developer (SubsyReqs, e.g.:STS)

1 ||

[ ] Component design | Component Component Requirements

faults Developer (CompRegs, e.g.:.CTS)
&ﬁl Incomplete Regs.: Omission & false reqs. AL




Problems of Top-down SEP for %.;

LasVegasi NV
ay-Box Items
Desﬁgilﬁpm Generic Top-down Systems Engineering Process(SEP)
1
System Stakeholder Requirements ~ System Requirements

Developer (StRegs, VOC) (SyRegs, e€.9g.:VTS)

Practical responsibility of incomplete regs. f | GB

or Gray-box items. ¥ WB, BB
Subsystem Subsystem Requirements
Developer (SubsyReqgs, €.9.:STS)

Practical responsibility of incomplete reds. T | | GB

or Gray-box items. v WB, BB
Component Component Requirements
Developer (CompRegs, €.g.:CTS)




Problems of generic SEP for Grayo:
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-Box Items

® Prob.1: The shared design responsibility itself could caus
e incompleteness of design.
o The shared design responsibility means that the design responsibility could n
ot define clearly.
m Prob.2: The squeezed development schedule and short re

sources cause incompleteness of design.

o For the 3 & below level gray-box item development, the system level and su
bsystem level designers focus on critical design decision and, due to the sque
ezed development schedule and short resources, practically and frequently, it

is hard to care for completeness of allocated requirements and the detail desi
gn for gray box item, therefore, the gray box item supplier has much more res

ponsibilities than the system(e.g. vehicle) designer.

-> th_esults: Design risks are transferred to gray box item sup
plier.

| e.g.: Transferred responsibility of inco

® Thus, from the viewpoint of gr?%lflt%roe Stem s 'B?o)ﬂteell? itis i

mportant to have some strategy to overcome this design r
isks.




Overcome Strategy of the Desigio:
risks for Gray-box Item S

= Compared with the white box and black box item, the gray box i
tem design process is not appropriate to adopt the generic top-
down systems engineering process due to the possible deficien
cy of requirements allocated to the gray box item.

o Need effective requirement validation process for Level 3 or below gray-box item devel
oper.

=@ The component designer should suppose possible deficiency o
f allocated requirements to embrace the unbalance of design re
sponsibility proactively, especially in the case of gray box item
s, rather than white box and black box items.

= For the gray box item designer, to achieve the integrity of desig
n which could overcome the possible deficiency of the allocate
d requirements, this presentation suggests the middle-out syst
ems engineering process
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2. The middle-out SE process to overcom
e the problems of gray-box item desig

n




Middle-out Systems Engineeringco::
Process(SEP) oo

= Middle-out SE process as a requirements validation proce
ss for level 3 or below gray-box item supplier.

PBS Level Middle-out Systems Engineering Process(SEP)

Complement StReqgs of CTS to make complete set of StRegs.

Level 1 Stakeholder Requirements _ System Requirements
5 2 (StRegs, VOC) (SyRegs, e.g.:VTS)
i 8 Py} i—b I ; 777777 .
Level 2 -3 |8 Long path Subsystem Requirements
'3 |3 (SubsyRegs, e.g.:STS)
I % <C<% Incomplete regs. allocation 1 a 1 b
. i \ 4
Level 3 or 1@ 1 Component Requirements
Short path [
below bemrm = B ¥ 4 (CompRegs, e.g.:CTS)

Legend: ---» Incomplete requirements allocation =p Requirements translation == -}Complement requirements allocation




Middle-out Systems Engineeringcs::
Process(SEP) oo

= Middle-out SEP starts from middle of system hierarchy.

- Start from allocated requirements of 3 level component or below.

1. Translate the initially allocated component requirement t
o stakeholders requirements relevant to the component.

2. Check the integrity of the developed StRegs.
* e.g.) check omission and overlap of stakeholders requirements.
3. vaelop complete set of StReqs relevant to the compone
nt.
. Complement the stakeholders requirements relevant to the component.
4. Transform the complemented stakeholders requirements
to the component requirement to develop complete set o

f component requirements.

» Trace the StReqgs to component requirement and re-complement the compon
ent requirement based on the complete set of StRegs.

5. Validate the integrity of component requirement.
6. Start detail design of the component.
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Solving Gray-box item developer’s @E
orry by Middle-out SEP S

PBS Level Operational View(OV) System View(SV) Manufacturing Process View(PV)
Level 1 StReqs ___________ > SyReqS Legend:
A : ----» |ncomplete requirements all
I 1
. v ocation
Level 2 I SubsyReqgs > Complete specification
I ®) CompReqsl i
L] g v
| 21 O 0o
Level 3 g CompReqs
« mmm = = % A -_— *
3
- Middle-out SEP Physical(Parts) Block Dia.
"n = H
=2 g [Part Pesion | Functional Flow Block Dia.
: > né— O o Fault Tree Analysis
8 S| & v DFMEA
_ Quality Ctrl Parameters Manufacturing
Leveln Part Design
g > Process Spec.

Proc Proc’g Spec.

Part Design
@)
Part Design
O
O
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3. Case study of middle-out SE process a
pplication for Automotive Lock Housin
g Assembly design




Physical Hierarchy of Vehicle &
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Lock Housing Assembly as a GB itern:.

Vehicle Product Breakdown St
ructure(PBS)

System Specification Tree

Level
1

Level

Level

Vehicle
\ \ \ | \ \
Body Engine Brake Steering HVAC
\ \
[ \ \ \ \ \ \ |
e
3 0% 5 3
5 2 2 5ol 2l 8
B o g 2o 2 F
a 9O & 5 o L
L @) O Q S
) ) —
Vehicle Tech. Spec.
(VTS)
\

\ \ \ \ \
Body Engine Brake Steering HVAC
STS STS STS STS STS

\

\ \ \ \ \ \ | \ \
o & b5 g 3.2
= — K O0mW o
o 5 %K TP SE 2w
c on S on 20 O F
S m [ = = c TO
2 S o2 o ¢ i
p = 8 2 270

L ®) ) ) |

For convenience, this p
resentation call the na
me of each level of syst
em hierarchy as

* Vehicle(system),

* Subsystem,

« Component

Corresponding technic

al specs

* VTS: Vehicle(syste
m) technical spec

« STS: Subsystem tec
hnical specs

« CTS: Component te
chnical specs
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Lock Housing Assembly -
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m  Figure shows the Lock Housing Asse
mbly which built in the part of Steerin ¢ .—
g Subsystem. % o

m The Lock Housing Assembly’s main fu e8|
nction is R -

o to hold a key ignition switch and it \

o Ty? deliver the ignition force to the key ignition swife:
C ?L}L“”;LH

Generally Lock Housing Assembly wa:::

s used to be made of iron.

For the purpose of reducing the vehicl

e weight, the car company decided to

adopt magnesium Lock Housing Asse

mbly.

The design integration level of Lock H

ousing Assembly is Gray-box item.

ANT. COIL

PARK LOCK
CABLE




Gray-box item developer’s wor@
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A

Operational View(OV) System View(SV) Nanuiactunpgtroces

S Vi Investment
StRegs > SyRegs
g The CEO of supplier questioned.
SubsyReqs Is it OK? If the | satisfy the allocated r

; equirements. And he believe....

Acquirer’s RoIeT SR

.y ) | Manufacturing | Manufacturing
Squ“er s Role > Part Design Process Spec. Plant

« The acquirer need new magnesium Lock Housing Assembly to reduce vehicle
weight.

* The supplier shall invest new machining line to supply the new magnesium
Lock Housing Assembly.

0

24t Annual INCOSE International Symposium



Development problem of Lock Housing As::
sembly — Possibility of Big Loss! -

= Vehicle designer’s requirements on the magnesium Lock Housin
g Assembly are documented in Lock Housing Assembly CTS (Co
mponent Technical Specification) and delivered to the CTS suppl
ier.

= The supplier have to develop the detail design of the new magne
sium Lock Housing Assembly with vehicle designer and subsyst
em designer.

= And the supplier have to invest big money for new manufacturin
g plant of the magnesium Lock Housing Assembly.

The CEO of the supplier worry about the design faults of the CTS
which could lead to big performance liquidated damage(LD).

=] Because the design responsibilities are shared by the vehicle de
veloper(L1), steering subsystem developer(L2) and the Lock Hou
sing Assembly supplier(L3), the Lock Housing Assembly maker’
s engineers should be able to meet not only the requirements do
cumented on the allocated Component Technical Specification(C
TS) but also requirements undocumented.




How can achieve high quality ofi&:

~ ock Housing Assembly?

E

0sium
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Lock Housing Assembly Lock Housing Assembly
allocated CTS ¢Detail Design Phase Manufacturing Phase
[1] Regs Validati Validated CTS
on
\ A
\ 4
[2] Detail Design Part Dimension Spec.
(Part Design)
A A
. Machined Parts Verified
Machining Lock Hou
sing Asse
|
Part Integration mbly
& Test
. . . . Supplier f
Acquire & Supplier Acquire & Supplier (Machining Line) Spsrelles

@ One question is “Is it ok if | satisfy just the allocated CTS?”

o In other words, “How can we confirm that the allocated CTS is the total set of design requirements of
Lock Housing Assembly?” =» Validate the allocated CTS by Middle-out SEP

@ The other question is “What design parameters of lock housing should
be controlled and monitored in manufacturing process to get high qua
lity?” =» Focused detail design on the machining dimension.




The Middle-out SEP for Lock Housings::
Assembly [1] Requirements Validation |

Complete set of StReqs of CTS -

Stakeholder Requirements _ System Requirements

@ Validation Process of th .| 2 (StReas, VOO) (SyRegs, e.g.VTS)
e a"ocated CTS by the :D g Subsystem P:equ‘irements
Middle-out SEP :

(SubsyRegs, €.9..STS)

<

o . T

A Incomplete regs. allocation |
v

S1D swsa|dwod

Short path 1 Component Requirements
--------------- 4 (CompRegs, e.g..CTS)

ref.) MECE: Mutually Exclusive & Collectively Exhaustive Rule

Middle-out SEP Applied Methods

1 Transform the initially allocated CTS to recover StReqs
relevant to the Lock Housing Assembly CTS.

Operational Concept,
Functional Analysis

Complement the allocated CTS to develop complete set of \Uise Wiairsity dte
StRegs.
Check the integrity of the developed StRegs. (e.g. check

omission and overlap of StReqs) LIS CaiEEo
Develop complete set of StReqs. This complete set of QFD chart

n StReqs is used as baseline of design.
u Trace the StRegs to CTS and complement the CTS based
on the complete set of StRegs.

.m Validate the integrity of CTS.

Traceability analysis



Middle-out SEP Appllcatlon(1/2)“:‘;“’;’;;st

1. Transform the initially allocated CTS to recover
StRegs relevant to the Lock Housing Assembly

CTS.

o  Operational Concept, Functional Analysis
2. Complement the allocated CTS to develop

complete set of StRegs.
o  Use Warranty data

3. Check the integrity of the developed StReqs.
(e.g. check omission and overlap of StReqs)
o  MECE Category (based on Use Warranty data & MIL-STD-961E)

— 1
*CTS 2
|7 I —
- Warranty Data = 3
3 =
v 51— 5
|
StRegs (VOC) < 6
7
>
Baseline Requirements g —— 8
2
S _9
= 10
— 11
= _12

. Regulation

. Function

. Reliability

. Maintainability

. Environment

. Material & Processes
. Product Markings

. Producibility

. Interchangeability

. Safety

. Human factors eng’g
. Interface

7 7 A e

12 Categories

3 Req’s
8 Req’s
8 Req’s
1 Req’s
6 Req’s
3 Req’s
3 Req’s
3 Req’s
1 Req’s
5 Req’s
1 Req’s
_— 21 Req’s

63 StRegs

PO\IUII\

June 30 - July 3, 2014

1 MVSS 102 (Shift Lever2+1 #13)
2 MYSS 114 (Anti-theft)

3 MVSS 302 (Flammable)

47 848 s

53§ s
EERES

73 OFF 2|8 2Is

§ Steering Shaft Locking 7|5
9 Steering Shaft ft Unlocking s
10 Park Lock 215

11 Anti-theft |5

16 2| OFF QIX

17 Steering Shaft Locklng s 24
18 Steering Shaft Unlocking 715 LH24
19 Park Lock 715 LH 224

20 Yool S -"*HI )H'—q Lock Bolt Assy %4 ZH| CHEY
21 £ F7IZHH &5 Z2ANHM 215 0|2 2l 2
22 x=Z7|2HA 9—5 ZANM IS 012 8IS 2
23 = 3712HH A ZANM 715 0|& 815 2
24 27| 2HH BE ZANM 215 0|2 1S A
25 S22 DE ZANHA IS 018 81s 2
26 £3RJ| SU2 £A TAWM s 012 2E A
ZTHZ Y =EF ME SIS (HEH L2 &
Sz THE2l AS(0EE7E Cr A8 2D
CIMOIEE HE AHS
SHI0E R
HE b Lot BD)
cIMOIEE THE 25 THE #7|
FIH(EZEHE FLE 8H)
ASH(Ms HE, 24 FZEEH)
b I (ZEMNE:E £
BHEE MIOE | 58
37 _lEoHKI Aa(ste lock) 2|
38 REE A Housinghl Z2I= 5158 WAL 2
39 Park&EHHI M OF AS B (S Ery
40 ST SIS 2l G2
41 SHHAl EEF 2 2
42 10| ZNE = A= 018 3

43 Steering Shaft A&l

44 Steering Shaft(Bearing) 2
45 Parking Lock Unit HIZ

46 MFS Bracket #I2

47 PATS(ANT Case)H 2

48 Shroud M2

49 Shift Boots M2 (Ford &)

50 Lock Cylinder H 2 (FordZ&)

51 Ignition Switch M2

52 Anti-Rotation Pin H2

53 Cristmas Tree(tHd) M2

54 Tilt Lever HZ

55 Tilt Lever (2] M)A

56 Tilt Shoe H 2 - Manual Tilt

57 Tilt Shoe (1) AIAl - Manual Tilt
58 Tilt Shoe H 2 - Power Tilt

59 Tilt Shoe (2| ) XAl - Power Tilt

60 Tilt Burnper &I X

61 Tilt Lever Spring M2

. 62 Column Jacket H 2

63 Column Jacket (2| )RR



Middle-out SEP Appllcatlon(2/2)L;j::;;,jj
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= Develop complete set of StRegs.
This complete set of StRegs is QFD of Lock Hous'"g Assembly
used as baseline of design.
o QFD chart

= Trace the StReqgqs to CTS and
complement the CTS based on
the complete set of StReqs.

o Traceability analysis

= Validate the integrity of CTS.

"~ CTSPerf.Reqs.(35)

JCTS Interface Reaqs(21)

Missing StReqs
or Does’t need &=

Void column me

m Existing V&V plans were traced | SEEEEE
to the complemented CTS and
reviewed & updated. \_StReas (Derived voc
o 3 omitted development tests were added 63 leaf-node StRqu\
o 2 development tests were adjusted.

CTS Regs priorities




Focused detall design on the m@e

B Detail deSign pro [2] Detail Design (Part Design)

nvestment risks

t CompReqs
Physical(Parts) Block Dia.
& Part Design | Functional Flow Block Dia.
S E‘ © o Fault Tree Analysis
S A DFMEA
. Quality Ctrl Parameters Manufacturin
Part Design Y, g
Process Spec.
g, [Proc’g Spec. Solving developer’s wor
g ry
e © O For. manufacturing plant
Q.

Physical(Parts) Block Dia.
'l | Part design Functional Flow B_Iock Dia.
Fault Tree Analysis
DFMEA
Relation matrix

Define Dimensional
Quality Control Dimensional quality control chart for

I Parameters critical dimension of parts - i



Detail design of Parts by Generic SEP

Integ
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Based on the complete set of Lock
Housing Assembly CTS, the detail
design of parts could be done using
generic SEP

Methods applied for Part design
o Physical(Parts) Block Dia.

o Functional Flow Block Dia.
O
O

Fault Tree Analysis
DFMEA




i~

Las Vegas, NV
June 30 - July 3, 2014

Physical(Parts) Block Diagram

LA KIY | . Interface of Lock Housing Assembly
B Lock Cylinder 1 Plunger 2 Plunger Spring l N D Ignition Switch
8| it 2] | d
3 | Driver |—>| 1 | Plunger l—bl 4 | Plunger Post |—>| 5 | Pin |
]
v
| 6 | Pin Spring |—>| 7 | Driver Cam |—>| 8 | Anti Rattle Spring l—bl 9 | Lock Bolt |——h| E | Steering Shaft |

I C | Lock Housing |<—>| 10 | Cover Plate |—>| 11 | Driver Cam Spring |

I a | Bearing - 2ea I

il

b| Anti Rotation Pin |—

| Park Lock Unit - A/M |

Screw - 3ea |—>| e | MFS Bracket |

PATS(ANT Case) |

Screw - 3ea I—’I h | shroud |
Screw - 2ea |__>| K | Shift Boots |

L

[
|
—| ] Snap Fit |—
1 Titt Pin | » F|  powertit |
:I G | Manual Tilt |
—| m | Tilt Lever Spring |—>| n | Tilt Lever }—]
4' (o] | Screw I
4' p | Tilt Shoe |—>| q | Tilt Shoe Spring l—
4' r |Colurm Jacket Pin-2 I ;I H | Column Jacket |

s Tilt Bumper



Functional Flow Block Diagram
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A. Insert Key in

[

Cylinder pushes
Plunger

2.

Plunger pushes
Spring

3. Plunger moves |
aterally

4. Plunger Pin(Tip)
pushes Ignition
SW

R %;:\\

——

I

|

i. Ignition SW has igj
nition contact

5. Plunger Post m
oves laterally

6. Plunger Post pu
shes Pin

7. Pin pushes Spri

.

8. Pin moves later

v

9. Driver is ready t
o rotate

y

ii. Steering Lockﬁ
isreleased

14. Bolt moves ver

. <
tically

13. Driver Cam pul
Is Lock Bolt vert
ically

=

12. Driver Cam mo
ves vertically

11. Driver pushes
Driver Cam

=

B. Rotate th

10. Driver is rotate <+
e Key ,

=

:

:

:

iv. Pull Park Lock
Cable

iii. Rotate Ignition

L\SW('Q”“@OMJ
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Fault Tree Analysis

1st Level 10 Failure Modes of Lock Housing Assembly Evolved to 2" & 3 Level Failure Modes

ﬂ Ignition contact does not 'ON’,

P111 Lock Cylinder can not insert Housing

P112 | Lock Cylinder too short

P11 | Cylinder cannot push Plunger.

s

P113 Lock Cylinder can not match Driver

-

P114 Lock Housing and Lock Cylinder matching Hole
position error

&nti-theft funtion does not work

Does not meet the safety regulations,

Support function fails,

24t Annual INCOSE International Symposium
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CTS to Parts Function Correlation Matrix&'
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=
. ©
Lock Housing Assembl = o ;B
CompRegs CTS g y S 3 p g2 2
o= = < > 5| ©
= = = =0y
2 .2 8 > g g S s .
. . o o = h S = s = @ £ S o
Physical(Parts) Block Dia. Bl g = 0| c T 5 E o ol o o L, @D 4
w |Part Desigr Functional Flow Block Dia. S8 qé’ 22 % 2 > Z% T a = S i g § s € o é %
& _ LS5E5625¢938 . 25882>35859F%
2| O Fault Tree Analysis ® a F S - 0 o Ycoo20 20> 09 5 ¢ o
§ £ E,P 2535238 T 35032 ,0°280
i A DFMEA < 3 2wl S 2o e d 5 g 2235 253895 5L
o < 0 4l g E =g A o E 23 oo
g%saws‘g‘g(gﬂmgggthg%cg
S —_ = D -— CT')
: & g EF 88 ada o g g = | X T
Part Design Parts Functional Performance o i el s -1 el el el 22835383838 3 =% .
Specs ho] o0l O | OO O 5 O | MO | o O 3 I
cC 2220 2222 E 0 0 0 x 0 0 x «vx O
= 555255522282 28% 8¢
Olo oo 0 A0 O Q J0AaAnaan0lanN
Lock Housing Ass’y CTS T2 IN s3I FTILOHBI o
[ S n T T T o o O o M o 1 o S o o W o Y o W o O Y o Y o O Y W Y n IR Y
2.2 Functional Requirements
2.2.1.1  Key Insertion/Extraction Force-Complete System(Ref) 3
2.2.1.2 Key Insertion/Extraction Force-Lock Bolt Assembly 3 111 .11 1.1 1711
2.2.1.3 Key Insertion/Extraction Force-Ignition Lock Cylinder Assembly(Ref) 2
2.2.1.4 Key Insertion/Extraction Force-Ignition Switch Assembly(Ref) 2
2.2.21 Key Rotational Torque-Complete System(Ref) 2
2.2.2.2 Key Rotational Torque-Lock Bolt Assembly 3 171111111
2.2.2.3 Key Rotational Torque-Lock Cylinder Assembly(Ref) 2 Alad A et ~d ~ e
2.2.2.4 Key Rotational Torque-Ignition Switch Assembly(Ref) 2 \elation matrix petween L
2.2.2.5 Key Rotational Torque-One-Hand Start(Ref) 3 ,.k P Y . Iy
223 Lock Bolt Spring Force 3 O T Iy MootTllIviy
224 Key Retention Force(Ref) 3 TC A~ - c~ Citrmeatianme
2.25  Key Buzzer Plunger Force(Ref) - Plunger Spring Force 3 1 v all arnis unctons
Lock Bolt Strength (Anti-theft, withstanding min 300 Nm)(375 Nm7tX| 4=
2.3.1.1 33t 25




Parts Function to Physical Charagé::

Intggnational poxnum

Las Vegas NV

teristics Correlation Matrix %"

importance

=B RRRRBBRRES

[t

Matching hole position of Lock Housing and Lock Cyl
P131 End position hole dimension fo Plunger Tip and Driv

) 4
= 8
o o o
o o} ~
. o (¢
(o)} b 5 o
= () o s
n © =
3 £ ° o
T ) © 2
, _ g, x38 2 ©
Physical Characteristics of c o S s 5 I=
Parts B EJ5 o, o2 8
£ > 0 L 9 5 <
3 O < c c o [
c x O O S5 « g
5 8 2 ® @p © £ 0
w O c c » a @
— = o 05 0 o £
o O £ S o 2 S £ o
O £ « = E g »m 9
- - 0 % > o g’ g HQ (7] D = =
Detail Design (Part Design) E0cEE £ o008 28 8
O x O O S0 £ € o = 2
Q O ¢ =+ 0= T T IS
€ 0 0 88TE8 g oc = 2 2
£ O 3J=2=2£=n o0 o o
AN ™M AN ™M
Parts function T2 IINA®D OB T
~ el Al el Al Al el el ~ el
o T T o WY a Y o W o WY a [ I B o
P11)Cylinder pushes Plunger. 27 1 1 1 1 1
P12 .
Plunger pushes Sprin
_ Manuf : P13 .
, Quality Ctrl Paramet anufacturing Plunger moves to Ignt'n SW.
Part Design ) 32 1 1 1
Process Spec. P14
Plunger 'Tip push Ignition S/W
c PProc'g S g [Proc’g Spec. Solving developer’s ) 9 PP 9 32 1
g FAIS Ldiny P21 .
2|00l o For manufacturing pla Driver rotates reversly.
E Al & A nt investment risks ) 32
P23 Plunger roturns to original positi
Jon 32 T 1 1




Parts Physical Characteristics to Parts
mension Correlation Matrix
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Part's Dimension vs. Physical Characteristics

Physical Characteristics of parts

P111

Lock Cylinder is inserted into Housing.

P112 Length of the Lock Cylinder

P113 Matching dimension of Lock Cylinder to Driver

P114 Machine hole position of Lock Housing and Lock Cylinder
P121 Matching dimension of spring and Plunger

P131 End position hole dimension of Plunger Tip and Driver
P132 Dlmen3|on of Driver A point and Plunger Post

Detail Design (Part Design)

aach dimensio

Lock Hous
Plunger

(0]

<
£l Yoy oy
8E SELIlB
== aagEad
211 RN . 11110 1
g n
20 "
21
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Relation Matrix CTS to Part's Dimension'%w
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Relation Matrix of Lock Housing Assembly CTS to Part's Dimension Level Ph
ysical Properties

()
L} H H (&)
Part's Dimension Level 5 _
. . = Lock Housing Plunger
- Physical Properties &
1 T(VR1ZIS T 1202 T [RF 121z EREREl S EEER R IE RN TR
LOCk HOUSlngAssemblyCTS o|ojojojolo oo (a1 ol ol VoW KoY /o T (a T} (a 0o o | 0o o oo
perational Reqwrements
2.2.1.1 Key Insertion/Extraction Force-Complete System(Ref) 3
2.2.1.2 Key Insertion/Extraction Force-Lock Bolt Assembly 31 11111 1111111 1 1
Key Insertion/Extraction Force-Ignition Lock Cylinder Ass
2.21.3 2
embly(Ref)
Key Insertion/Extraction Force-Ignition Switch Assembly(
2.21.4 2
Ref)
2.2.2.1 Key Rotational Torque-Complete System(Ref) 2
2.2.2.2 Key Rotational Torque-Lock Bolt Assembly 3 1111111711 11 1111111 1
2.2.2.3 Key Rotational Torque-Lock Cylinder Assembly(Ref) 2
2.2.2.4 Key Rotational Torque-Ignition Switch Assembly(Ref) 2
2.2.2.5 Key Rotational Torque-One-Hand Start(Ref) 3 111111111111 111 111111 1
2.2.3 Lock Bolt Spring Force
Sc
Traced or |33|54/30|16|16|137/67{101101/82|82|82 1454|5964f9951 175[794135353|3|3|3|3 355991|593£
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Terms J
level

White box * All the engineering decision is made by the acquirer.
 Design responsibility completely belongs to the acquirer(car maker).
* BIW (Body-In-White) and related components are white box items.

Gray box * Design is a formalized joint activity with the acquirer and supplier.

* The allocated requirements to the gray box items are given by the vehicle
designers and the design of inner parts of a gray box item is done by the
supplier.

* But the design decisions are done jointly and the design responsibilities are
shared.

* Automotive lock housing assembly and lots of vehicle components belong
to the gray box item.

Black box « Car maker(acquirer) allocates specifications to the black box item supplier.

* The allocated specifications are composed of interface specifications (e.g.
outer dimensions) and a few performance specifications.

* The design responsibility of allocated specifications completely belongs to
car maker.

* The design responsibility of black-box items completely belongs to the
component designers. Airbag might be black box item.
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Responsibilities of design
for WB & BB Items T,

Design respo Generic Top-down Systems Engineer

nsibility ing Process(SEP)
1 L
.| System design f System Stakeholder Regs| SUBIED (NETR)
aults and propag Developer (StRegs, VOC) (SyRegs, e.g.:\(T
ation ’ S) |
| Subsystem design f| Subsystem Subsystem Requirements
iUItS and propagatio Developer (SubsyReqgs, €.9.:STS)
| ] Component design | Component Component Requirements
faults Developer (CompRegs, €.9.:CTS)
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FTA ( Fault Tree Analysis ) — LEVEL 2-1 &
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FTA ( Fault Tree Analys

m Plungerel 2017} B C}.p
P14 P;?;?egrgfg(llp) o oo S m Driver &1} 1/S2l Mis-Match'g2 ZEEIH
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P15P He ol D._'U‘P Plunger9| DE'O']‘ %[}P
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m Driver BE 2 Jt Driver Cam0fl 2==ICHD
P21) Driverdt 93| &oHX| 28HCHD m Park Lock2| DI &2} Driverdt 2t =ICED
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FTA ( Fault Tree Analysis ) - LEVEL 2-3 “@&"
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FTA ( Fault Tree Analysis ) - LEVEL 2-5 “&"

Las Vegas, NV
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FTA ( Fault Tree Analysis ) — LEVEL 2-6 “&™
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P71)

Lock Housingt Lock Bolt2l Rattleb P711)» Lock Housingdt Lock Boltel Clearance 1tCt)>
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P74)
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Design FMEA
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June 30 - July 3, 2014

(Failure Mode for Interface \

! Failure Mode for Function )
J

1 Actuator Plunger Post does not allow needed travel
2 Audible noise while driviving
3 Does not fit into Lock Housing
4 Does not provide required travel when Key in
S Fail to retain
6 Fail to shap in
7 Failure to Tilt
8 Failure to operate of Park lock cable & EPL
9 Faiurel to Tilt
10 Jam Internal Parts
11 Lack of engagement between Lock Bolt and strg shaft
12 Lock Bolt broken by strg shaft rotational force
13 Lock Cylinder cannot engage Driver
14 Lock Housing does not meet requirements
15 Lost function
16 Moise for Cover plate
17 Noise from internal parts of Lock housing assembly
18 Pin pop out from Driver Cam
19 Pin was not popped out from Driver Cam
20 Provides too little travel when Key in
21 Provides too much travel when Key in
22 When key inserted and can not rotate Lock cyl'

25 Will not return to original position

\ J

1 Not able ot assemble Park lock cable & EPL
2 Not able ot rotate Lock CyL'
3 Not able to assemble Anti rotation pin
4 Not able to assemble Bearing
5 Mot able to assemble Ignition switch
6 Not able to assemble MFS Bracket
7 Not able to assemble PATS
8 Not able to assemble Shift boots
9 Not able to assemble Shroud
10 Mot able to assemble Tilt bumper
11 Not able to assemble Tilt lever
12 Not able to assemble Tilt lever spring
13 Mot able to assemble Tilt pin
14 Mot able to assemble Tilt Pivot Pin

15 Mot able to rotate Lock CYL' & Park lock cable & EPL
16 Mot retracted far enough between 46° and 0°

23 When key inserted and rotated into Run position, the strg shaft cannot rotate
24 When rotated back into Off Lock position and with key removed, the strg shaft can rotate (Lock Bolt will not fire)




DFMEA Vs. FTA i

June 30 - July 3, 2014

T = Design FMEA FTA FMEA Vs. FTA Remarks
Function 25 54 29 18 Items 0| I A
Failure Mode
Interface 16 - -
Stack Review 35 36 4 4 Items(with S/Shaft 3)
RPN
No FTA- Code Failure Mode Remark
S| 0 D R
1 P113|Lock CylinderJ}t Drivertil OHE & X & =CF.
2 P114|Lock Housingdt Lock Cylinder2| OH& Hole ¥l x| £ & & 5tL}.
8 P121| A 20| Plunger0l 2ICt.
4 P143|1/S2l &= X0t YL,
5 P153|1/SQl &= 2| X0t It 2 Ch.
6 P211|Driver BRI} Driver Camdl =& C.
7 P342|Pin1t Spring0| 2ICt.
8 P421|Driver CamO| It=El L.
9 P433|Driver It
10 P441|Driver CamO| DI2 &0 A0l ZOF&ICF.
11 P442|Lock Boltot 2 LCk.
12 P542|Grease® 1=t
13 P731|Housingdt Steering Shaft Bracket2l =& Bolt Clearance 1tCt
14 P83 2HZE Key Al 2 S22 =2 [, SO02HCH.
15 P85 KeyE Btz =2 M, HEIXI 28HCH.
16 P911|Static Tensile StrengthJt L= & Ct.
17 P92 SHHAl S5 JIAE S MA|I2ICH =1 AL St THm L T
18 PO3 SITAl 2 =L SEd0l el e 2w
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ritical to Quality Dimension from KPP &

Las Vegas, NV
June 30 - July 3, 2014

Physical Characteristics to F/F design Ct ion Matrix
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Failure Mode Critical Dimension &’
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No Code Failure Mode
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1 P111 Lock Cylinder can not inserted into Housing.

Miss matching Machine hole position of Lock Housing and Lo
4 P114 .
ck Cylinder
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Parts
Parts Requiring Extra C
Products & Process arts Requiring Extra Care Remaining Parts
Requiring Stand
Component | Functional Traceabilit Safety / Co ard Care
Handling Check y mpliance

Parameters Requiring
Extra Care

Key Performance Par
ameters (KPP)
Verified & Control Parameters
Key Production Quali
ty Parameters (PQP)

Characteristics

' Remaining Parameter
s Requiring Standard
Care
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QFD Chart - | ‘ > vVOC Vs. CTS
t / Driven /
Main Function
QFD Chart I-1 ‘ _> CTS ‘Vs. (xt FTA) ‘

\

t Driven

\

Main Function Sub Function
QFD Chart [-2 ‘ _> (xt FTA) Vs. (at FTA) ‘
Driven /

3 o

Sub Function
QFD Chart - Il (at FTA)
JbS X0 o std
KPC & &)

Vs. Design Parameter
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