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ABSTRACT

Design equations for anthropometric product design are developed by considering the geometrical relationships of design
dimensions and anthropometric dimensions. The present study applied the design structure matrix (DSM) method to the
development of design equations for a computer workstation, and compared design values from the design equations with
corresponding design values of ergonomic recommendations and existing products. The relationships between design
dimensions (e.g., legroom and worktable) were analyzed by a DSM, and then the application order of design equations (e.g.,
seatpan, backrest, armrest, legroom, and worktable in descending order) was determined. Next, design equations were
developed by analyzing the geometric relationships between computer workstation design dimensions and anthropometric
dimensions. Finally, design values for a computer workstation were determined by considering a standard posture defined
and representative human models (5th, 50th, 95th %ile). The design values calculated using the design equations were
similar with those of ergonomic recommendations found in literature and two commercial products measured in the study;
however, some design values (e.g., seatpan height) were different due to discrepancy in standard posture. The DSM method
would be utilized to systematically analyze the relationships between design dimensions for anthropometric product design.
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Task ABCDEFGHI JKLMN

Receive and accept specification A A |

Concept generation/selection B XEB

Design beta cartridges CiXXCcC

Produce beta cartridges D| XD

Develop testing program EX XX E

Test beta cartridges F| XX XF

Design production cartridge G|X X X XG X X

Design mold Hix X XXH X

Design assembly tooling I XX |

Purchase assembly equipment  J X X XJ

Fabricate molds K X K

Debug molds L X X XL

Certify cartridge M X X M |

Initial production run N X XX N|
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Develop a design structure matrix ‘

v

‘ Determine representative human models and standard posture ‘

v

‘ Define design principles, constraints and requirements ‘

v

Develop design equations
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‘ Optimize a design ‘
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Cluster Design dimension (DD) Code | DD1 | DD2 | DD3 | DD8 | DD9 | DD10
Seat Seatpan Height DD1

1 Seat Seatpan Depth DD2

Seat Seatpan Width DD3

Worktable | Legroom | Height at thigh | DD8 | X

Worktable | Legroom | Height at knee | DD9 X

Worktable | Legroom Width DDIO| X

Seat | Seatback Height DD4 | X

2 Seat | Seatback Width DD5 X
Seat Armrest Height DD6 | X
Seat Armrest Clearance DD7 X
Worktable | Legroom | Depth at knee | DD11 X
Worktable | Legroom | Depth at foot | DD12 X
. Worktable | Table Height DD13| X X X
Worktable | Table Width DD14 X X
»  Seatback
Seatpan »  Armrest
»  Legroom > Table
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Classification

Content

Design Dimension

Seat - Seatpan - Height (DD1)

Design Principle

Design for adjustability

Allowance

Heel height: 2.5 cm (BSRHFES100, 2002)

Related Dimension

Seatpan angle: 4° (BSRHFES100, 2002)

Design Equation

DD1 = BD11 * sin (AD3 - AD6) - BD6 * sin (AD6) + 2.5

5th %ile 50th %ile 95th %ile
R e -

Lower Bound

Upper Bound Value

Knee flexion (AD3) 45° 85°
|Angular Posture Hip flexion (AD6)
Related Design Dimension |Seatpan angle
Design Value IM?X | a9 |
[Min | 307 |
Drawing
Hip flexion.
((ADS)
e flion
Foplinal
height (EDI1)
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Reference design* Product‘
benchmarking
Design dimension (DD) Proposed BSRAFESI00 oy .
S " . iffrient et al. | Grandjean -
(2002) BS CEN (1974) (1980) DIN A B
Height [31, 39] [38, 56] [43, 511 | [39, 54] [35, 52] [38,53] | [42,54] | [45,50] | [45, 53]
Seatpan | Depth 43 43 [36, 471 | [38, 47] [33, 41] [38,42] | [38,42] 43 42
Width 41 46 41 40 41 [40, 45] | [40, 45] 50 47
Seat Height 57 45 33 - - [48, 50] 32 60 45
Seatback
Width 36 36 [30, 361 | [36, 401 33 [32,36] | [36, 40] 44.5 44
Height 24 [18, 27] [16, 23] | [21, 25] [18, 25] - [21, 25] 19 19
Armrest
Clearance 50 46 [47, 561 | [46, 50] [48, 56] - [48, 50] 50 48
Height at thigh 66 [50, 72] - - - - - - 70
Width 63 52 - - - - - - -
Legroom Height at knee 56 52 - - - - - - -
Depth at knee 40 44 - - - - - - 52
Depth at foot 61 60 - - - - - - 52
Height 66 [50, 70] - - - - - - 70
Table
Width 65 70 - - - - - - -

* BSR/HFES: Board of Standard Review/Human Factors and Ergonomic Society, BS: British standards, CEN: European standards, DIN: German

standards
wx Source: Chaffin

et al.(1999)
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