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Redesign of Automobile Heater Blower Motor for
Assemblability and Automation

Hak Soo Mok*, Jong Rae Cho*

ABSTRACT

This paper proposes a redesign procedure for assemblability and automatic assembly of an automobile heater blower
motor . According to the procedure, redesign alternatives are generated, then the alternatives are evaluated by a weighted
objectives method to select one optimal redesign alternative. First, the redesign objectives are identified and the
assemblability of the current motor is evaluated to decide redesign rules. Finally, the redesign variants and alternatives
are generated using the redesign criteria. This information is then evaluated to select an optimal alternative, determined
by weighted evaluation criteria which is established in advance.
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Fig. 1 Content and necessity of research
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for implementation of automatic
assembly system
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Fig. 2 Steps and methods of redesign
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Metal

Metal cover

! Metal spring Felt washer
No. Part Name Code Material Weight(g) | Size(mm) ‘
1 Cover CV-pt SPCC 50 068x 5t
2 | Metatcover | CV-pa SPCC i 5 | 438x 3 !
3 Metal spring CVQE‘? SK-5 2 N $28x 2t !
4 Metal CV-p6 | Copper | 12 615x 9L
5 Felt washer CV-p7 | ﬁiFELT o 5 $28x 3t |
l'!otll numberJL 5 J LTmal weight ” 69.5

Fig. 3(a) Part list and sketch of cover
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Bheet plate B.h.1,2 Condenser
Spring1, 2 Rubber1, 2
No. Part Name Code \ Materfal Weight(g) Size(mm)
1 Sheet plate SP-p1 BAKELITE 3 65% 40x 2
2 | Brush holdert, 2 | SP-p2,3 | BsP2A1/4H 3.5 17x 17x 12
3 Condenser SP-p4 | POLYESTER 2 65% 9% 4
4 Spring1, 2 SP-p5,6 | SUS304WPB 0.5 $6x 23L
5 Rubber?, 2 SP-p7.8 RUBBER 10x 4% 2.4
‘Pw number ” 8 Total walqm“ 15

Fig. 3(b) Part list and sketch of sheet plate
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Structure which can be
assembly automation

Increase of
productivity
Reduction of
poor quality rate

Generation of optimal
redesign alternative
1

C
Improvement of
assemblability

Reduction of
assembly cost
Reduction of
assembly time

Fig. 4 Redesign objectives tree of motor
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Fig. 5 Assembly diagram of motor
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to Cover

Metal cover

Fig. 7(b) Function structure model of cover
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Definition of assembly process

® Definition of unit process

@ Definition of element process

® Extraction of influencing factors of assembly
system

—— .
HCalcuIation of degree of weakness

of each unit process

® Calculation of weak points of unit process
according to influencing factors

® Caiculation of relation points of influencing
factors

® Calculation of weight of influencing factors

@ Calculation of final weak points of unit process

—I.—

Extraction of redesign
principles and rules

® Definition of redesign principles and rules of
each influencing tactors
® Extraction of redesign principles and rules of

influencing factors which have high weak point

Fig. 8 Steps of evaluation system of weak process
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F Influencing factors of assembly system J

[ Assembly sub area ” Assembly main area I

1. Size/weight/thickness

b 2 Material(slidability/
stickiness/crack/flutter m

3. Nesting/tangling

4. Shape danger/
grasping point

5. Hazardous article

6. Symmetry/asymmetry’

chamfer
7. Tolerance/accuracy

1. Size/weight/thickness

2. Material(slidability/
stickiness/crack/fiutter)

3. Nesting/tangling

4. Shape danger/
grasping point

5. Hazardous article

Aspect of object l

1. Handling characteristic
(gripping/place/support) :
2. Transpontation
characteristic
(to joining point/
to next process/

1. Grasp of joining point/
access

2. Arrangement/insertion

3. Assembly stability

4. joining power

obstacle/transfer distance) | | 5- Crack
1. Working area 1. Working area
2. Failure of assembler/ ha{ 2. Failure of assembler/ :J

danger of assembiler/ danger of assembier/

disturbance of m/c
3. Use of auxiliary tool

disturbance of m/c
3. Use of auxiliary tool

1
Aspect of Aspect of
I m% r I

Fig. 9 Influencing factors of assembly system
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F, - Degree of weakness for each influencing factors

p, - Total point of weakness for each influencing factors
R, - Relation point for each influencing factors

w, : Weight for each influencing factors

x : Influencing factors

=
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Size/weightthickness | 4x22-010 | 0.88 = 3 - )
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3 Shape danger/grasping | 8 x 2.4 x 0.10 1.92 ) u = - 2 A
Hazardous article 0 o Fig. 11 ¢} A o FFol AAH 2 $A¢
- Handling(gripping...) 8x 2.8 x0.17 2.24 o - . o 2 = = &) 2} %
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rransportation(distance.. )| 425002 | 02 el whe} Fig. 12- o AdA =3 dAFH
Working area T 0 NAAA WA ko] AA R,
m—blﬂ“ m Failure/danger. .. 4 x24x027 2.59
Use of auxiliary tool 0 0 T
Size/weight/thickness | 8 x 1.5 x 0.04 0.48 ~ E'":la;:'“ Maintenance
Material(flutter.. ) 16 x18x0 0 2
A ey i i Ti sfer of part
P Nesting/tangling : 8x17x0.05 0.68 fun onn fer othgfpm
of Shape danger/grasping | 14 x 1.8 x 0.08 2.02 ¢ .
; object Hazardous article 0 0
Symmetry/asymmetry... | 12 x 1.5 x 0.10 1.8
i Tolerance/accuracy 10 x 1.4 x 0.05 0.7
Grasp of joining point... | 26 x 2.0 x 0.08 4.16
Arrangement/insertion | 24 x 2.0 x 0.18 8.64
Process Assembly stability 30 x 2.0 x 0.17 10.2 - Integration
Joining power 0 0 Same material with
Crack 0 0 egrated pant
Working area 22 2.0 x 0.18 8.36
Assem -
bler Fa»lure/dgﬁger,. 20 223+ 0.05 23 Integration with other =
Use of auxiliary tool 6 x 2.1 x0.01 0.13 mfg. method

Fig. 10 Final weak points of sheet plate assembly
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Fig. 11 Parts to be redesigned and redesign priority
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Fig. 12 Redesign flow chart
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Redesign rules
Factors g
Nesti * Use a magazine not hopper storage
ta J:‘Q/ * Design the part in ‘bandform’
nging * Eliminate the shape which triggers thie nesting
Grasp of | - Join with linear moving and one direction
joining * Make the storage be easy
point/ * Join using the gravity
access * Have the stability of placement
* Have the guide surface for part to insert easily
Arrangem | * Join with linear moving and one direction
ent/ * Join using the gravity
ingertion | ° Design the chamfer
* Make transportation be easy(not overlap, Jam}
Assembly | ¢ Design the jig & fixture not to be shaken, vibrated
stability |  Join with linear moving and one direction
* Mimmize and simplify the joining process
* Eliminate the joining process
Working | ¢ Minimize the joining length
area * Minimize the part number
* Take a enough working space for tool
* Make the product be modular design

Fig. 13 Redesign rules of influencing factors
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4 (transporting), 73
A Z (inserting) 2] 4]
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AA 93L& Fig. 14 & #o] o F
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* Avoid variants

* End to end symmetry and
rotational symmetry

* Avoid tangling when in bulk

| » Design particular orienting

B surfaces

* Eliminate the complicated shape

* Use components in bandform

* Avoid variants

* Provide features that prevent
jamming of parts

* Integrate the parts

* Use components in bandform

* Make components be same size

* Avoid use of non-appropriate

materials for packaging

B « Have chamfer or rounding

1 » Fit the components with guide
surfaces

» Fasteners should be easy to
remove

* Minimize the number and length
of interconnecting wires or
cables used

* Avaid variants

* Make asymmetry obviously

¢ End to end symmetry and
rotational symmetry

* Design particular orienting
surfaces

* Avoid slippery, delicate, very
small, flexible parts

Fig. 14 Redesign rules of product for automation
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3.3 XA A Variants @ &Y

dgg AdA dg FES AEA 2S5
(redesign flow chart) ¢} ZHEolAS 93 AHA
93, 2yAFE AY ALA A3 wepA
AA8A Variants 7} ARBGHI g Tojy nE
Variants £ 98] 72 AHHu ¢Ed, B =8
ol = HE i (feature), HANH, xﬂ 1P

7jekA dAYE §9 7] (sub-function)yS ¥
o). &, e REFL o] Varants o ZH O
Z o]|Foixy, g AdA e FHEH =
X (morphological chart)s] 58 FX 847} Boh
218t Varants £ ZHEolAT AFE s £
Zrjojof st 74 F-F9 AEA ARLALZEH
7ted BE A9t Aol "Hrh
Fig. 15 & cover §-9} sheet plate 52} 7}/ 7|

Zé {28 H—O:“T‘J— %E}

)

,_l Redesign decision factors of each sub assembly

. Material of cover?

. Shape of metal{whether shaft go through metal or not)?

. Integration of metal cover, meatal spring?

. Position of metal, metal spring (outside or inside of
caver)?

. Joining method with case? =

1. Integration of sheet piate and brush holder?

; ¥ #|
| 2. Shape and Insertion direction of brush holder?

3. Kinds of spring?

4, Maintaining method of elastic of brush using spring?

5. Sub assembly and relatlon of joining with cover? =}

Fig. 15 Redesign decision factors of motor
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Fig. 16 Redesign Variants of cover

34 MAA oickel 4y
Fig. 17 & Fig. 16 2] 47 A 840 w2}
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Welding

Jomlng
method with
case

Location
of Metal
Injection .
.Wg method Press / molding Casting
Joining Can be Can'tbe
relation with . 5
case disassembled ssembled
Material Plastic / Aluminum \| Steel

Fig. 17 orphologial chart of cover

Fel ey g, AFeld 7147 A 5 3
= % Bl(morphology)E 71 (function)3 &1 Sl A
AABLa zHzte] 7ise] digk 75§ Sl(solution)
58 AMssted 75 UES Z 3 (combination)
S A AAAITIE Hyelth Fig 179 tA

Ao} dAsoF & 7% 2} y)Fol wE HE
AAEO] e, F 7tedt 23S B3 dist
F& 3x2x3%x2x%x3=108 7}xjo]u},

7}
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| Redesigned structure (Alt.1) ” Redesigned structure (Alt.2) |

» Cover » Sheet plate » Cover > Sheet plate
| . Characteristics of geometry, machining, assembly
» Cover » Cover
® Casting or press(steel) ® Injection molding(plastic)
® | ocation of the metal to outside ® Location of the metal to outside
® Adding shape for sheet plate to insert in ® Adding shape for sheet plate to insert in
advance advance

> Sheet plate > Sheet plate
® Injection molding(plastic) @ Injection molding(plastic)

(Integration of sheet plate and brush holder) (Integration of sheet plate and brush holder)
® Pre-assembly with cover ® Pre-assembly with cover

Fig. 18 Redesign alternatives of cover and sheet plate
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Fig. 19 Evaluation criteria of redesign alternatives
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Fig. 20 Procedure of weight calculation of evaluation criteria
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Alternative 1 Alternative 2

No Evaluation criteria Weight Value W\?;?S;ed Value nggéed
1 Assembiability 0.1 5 0.55 9 0.99
2 | Machinability 0.07 5 0.35 7 0.49
3 | Automation possibility 0.08 3 0.24 9 0.72
4 Availability of existing facilities 0.04 7 0.28 3 0.12
5 | Machining cost 0.14 5 0.70 5 0.70
6 Assembly cost 0.21 5 1.05 7 1.47
7 Purchase cost of facilities 0.10 5 0.50 3 0.30
8 Purchase cost of materials 0.05 7 0.35 7 0.35
9 Selection of subcontract co. 0.06 7 0.42 5 0.30
10 | Permission of subcontract co. 0.04 5 0.20 5 0.20
11 | Permission of decision maker 0.10 7 0.7 5 0.5
2 1 61 5.34 65 6.14

Fig. 21 Calculation procedure of final points of evaluation criteria
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