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Abstract : The purpose of this study is to find the implications of body design form factors in future mobility systems by
comparing functional changes in major types of mobility, from steam locomotives, internal combustion engine vehicles, and
electric powered vehicles. This study began by defining mobility form factors, which are divided into external factors and
internal factors. The body design is derived mostly from the internal factors in vehicles, such as power unit, drive unit, and
human space. Observation and analysis were conducted on the physical changes in the internal factors of the major types of
vehicles. Through such analysis, human space would be more of a deciding factor in future mobility, as well as external
factors like human and social factors, such as cultural aspects and usability. These factors would be more important in future
mobility body design developments with lesser use of mechanical elements, represented by electric propulsion systems.
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Fig. 5 Honeycomb core radiator invented in 1900 by Maybach
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Fig. 9 Steam locomotive C62, side view in 100 mm grids

Al A do] 21475 mol 7|FHAe) FHE
88.83 to]W, Hil £%= 130 km/mho| ATk §ic}, o]
g Uj-8-9] z}A) AolE =l FAMAZ|E Fol= oF
4mz Helt}

4.2 Yol 2ol ng

4.2.1 1898\ A|AE T2

18870l A ¥ ZF2o] ApeA) Al AL M=o}
Zn}4(Panhard et. Levassor) olA4] 1898\ el UEgtwl
2}eF FA] 28l 9} 2 (System Panhard); = 433 ¥ 3]
- 71 3S ZHA] el EAlsta R E FEATI=
TZE A0 2 AA) % 2FF290] )

Fig. 10 System Panhard, 1898

BE HZ A7 # AF2 549 718 WA (Karl
Benz)¢} 715 % t}9) 2(Gotlieb Daimler)2] 3519} 45
o, A 02 o]59] gL 7|ES] wixte] At
Aol AL F23 g el TA2" sg2, 7} 9]
24 AWE XA el gAlsta RAuHAE TEA
71 2o A A 722 AP L AA B

Fig. 11 Comparisons of System Panhard to London steam
passenger carrier

o8] AEE EdE A=Y sy g, 9] 24 X5+&
Fig. 113} &b o 2 3238 v, x}A] dole} o]
%] Z+7} 2,300 mm2} 1,500 mme] W 24| o] &= #d
Z7) AR o= A4 22 A7)0,

37 184 1900 ) %ol F7] 59 =3} 3
A7 2=, 183 A7) 8 A 27171 vl
o= ¥ A o] A= 2] 2] 9] 3k oAl F9 2t
ZFe F71718 5 AFROE A A e
2 1ot}

422 19081 ZE QY T

19081l 7Htel T 2d, 9] 574 o] 5ol A-E=}2]
AL A o] b o] ApRke] AT FelA &
Hoz AFAT) T3 RPN WA o] FilatHA
A7 FE AFe] FFH 540 Uehdr] AlFAH &
A]2¥] e oA A2 24A 4ol AL HA
81, T8 JuF 2 A 2GS TEATE 72
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Pt AEA ) f8 o A,

Fig. 12 Ford Model T, 1908

Y 29,0 2715 A A% 7R vhar
Fagou, BB AYFHES P} TEE v
A8 148 BA AL AL FPoZ W
93, AT AP P02 A% 191598 =
AR B A A e @ e AxsE 5
T Aol wA galo] gl Wl mele vl o)
oAk,

Fig. 13 Comparisons of Ford Model T to London steam
passenger carrier

Fig. 133 2 i o s Mg 2d, 9] 7|8 583
B, Zo]= 3,600 mmo] ¥, Y =4 = S22 (Windshield
glass)S ¥ 338 o] 1,850 mmo|t}, 2y ==
ZEAE A9 xpAREo 2= Fo]7] 1,450 mmel F
Z (b, Wheelbase):= 2,550 mm 5202 88 5 9l
t}. o) AL AW ZF7] A} 7t Aol ¢F 5200 mm, 9]
¢} 3,650 mme]| ¥]aLdhd SRALECNA F 25 %] =7] vl
g2 1ol

4.2.3 1974 VW Golf Mk I

22} A A DA 2 A1 1939\ ol X & 7k Z2n}
ZAe] M) E(Type 1)1 8] FHE o] & F& 232 19503 0]
58 ML Zane 27)6E vEe S 5

8 USASAIYY =RY AnA AL, 2024

) F(Deck)7} EA 8= FEIE A& = Ak 121} 1967
ol 32 W(Fast back) B o] 2}A| = vl €Y Al
©] E(Taile gate)E 7}%! 3} %] ¥(Hatch back) 73=2] 9k}
#A =9 B2 TEA235 2 2AE JfEsiA Rt BHat
A 5 NEESTE Ago 2 vl H gk

Fig. 14 1974 VW Golf Mk I

aelal 19699FE  ZFEAE FA|ol2(Giorgetto
Giugiaro)?] TJAIR1 0 2 /g 1At FFZ, 58419
A A7) el 3,705 mm, E°| 1,395 mmol] FAE
2,400 mmo|t}.

Fig. 15 Comparisons of VW Golf Mk I to London steam
passenger carrier

F2) 5828 371 T8 29, 3 v]ashd 2ol
£ 100 mm7}F #11, o= 9=A = Z22(Windshield
glass)& X3 F0] 7|F 22 450 mm RO, SAE
150 mm Zold 42838 F7]0lt)

43 37| S 2o 1

4.3.1 19961 GM EVI1

GM©] 19963 -8 199913 7}A] tl o (Lease) ¥vl & €l
2 UF& "EVL S 19417] &3 20417] 7] 533
9 A7) 58 AFRd 5 AN LRl A &
vjg zpFolqint. 18y $A Azt FyAT A=
SHAIE 7HA 2 I ATt vl Al Z Aol Hhofj =
A k3 A2 E ol California)2} °fl 2] &1 Arizona) T
o] K- Al ARt A|FHA 0 2 Hol|FQ T}
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Fig. 16 GM EV1, 1996

EVL & 295l 270¢] £-& 7121 F9|(Coupé) HH
o] ZHAloll Zo] 4,310 mmel| 0] 1,280 mmo]=, %37
232,510 mm= BA| I E o] £31= 2HA A7) & 714
I AAT F7IAGAFE E57] 918 Aug E
A Ae] AFALL 54 F3ted, FEEAE GuH
=¥ e] X (BifH, Transverse mounting) == EEH <}
el 2] & SA5 3ok

Fig. 17 Comparison of GM EV-1 to Golf, Model T

4.3.2 2015 MB F015

2015 ] w| o] gpxueo] A2 AvIHAE A G-
015 28]} 714 A 3](CES, Consumer Electronics
Show); ¢l 4] W2 A H 2 Wl =(Mercedes Benz)7| 2=
FARE AEFY FAE 7F Fo1s HMe] o 2A
(Luxury in Motion); > 44 Q18 HA|E o] &3l 27|
T8 Ao AA AT A AEA e AT
& 71°s 9] AFFel Atk

Fig. 18 Autonomous concept car F015, 2015

2 e TEAYIE F /09 27 RElE §
A4 TEH N, A SFER 1P DA, B2
# 5oz Aol slon, 2u f2 FE FEES
o] A Moz whgol AAste) AAE Ul Bk
ol

"F0151 %= 42150l 471¢] & 71 F-3|(Coupé) B El
9] 2ol 7] Ao 5,220 mmol) %] 1,524 mmo] v,
FHAE = 3,610 mmE ¥ 5 AU E] &3
£ 2 2718 73 ok F7IAGATE R3] 9
3 218-& P o] FY 541(One bow curve) &2 ©]F0]
7 2] Fejlolm, TR = Al S i e Y
o} 2} viete] viE ) & A 20|tk

Fig. 19 Comparison of FO15 to EV1, C62

5. 24| EHElQ| 1Y
51 28 f40 37| H@
E =FdA 7171834 v A7) 58 5 T8
B9 wulelele] 7|93} 24 27]¢] 2L 100 mm &
919 2219 1)=& F8-545ich

S I P O I VN )

Bogly Space e

_ Human Space

Fig. 20 Body form factor measuring with 100 mm grids

A 9] F7E vt A oA AR Fofel| A= TA Y
3214 Hlo|EH & &85 7fj7] ] #l|o|o}-2(Package layout)
HE7} RE A o)A gk, & Aol A= 2200 2] A=FE
B 29 SAE 71 59 g4 B A XS OFn
ow, o5 e 3xhY Ao FnstoHE A 5
o] BrhuAd o 2 Qs 2219 2= &85 AA A )
de] F9E A& P2 A4t

Z9E & 2aH9 ae=9] WA v &S A&
WS AT o 7)ol A frEl e BAE T
2B EA] FaL A B Z|Ee R 1] V|8
v &kt
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AR AA) 27104 SF e WF BAA g A
A 714 fC62s 717182} A7) 58 ZHEow

Table 5 Body form factor measurings

Names Form factor measurings

London _
Carriage [ » o= t

System
Panhard

Model T

Golf Mk I

F-015

T4

Adksl] 2] Mol viE 2 E §AE Fo15, & AlLE
YA oAl F57-9] gl T4 gl 2k 27]
7} 8.85 ~ 11.9 %°ll o] 2= H|nl & AE7} =x] ke ¥
¥EEF 9

olof o]5}H 197438 FL7}8.7 %= 71 A& 3t
S AR Tk vEE3laL, 1898\ 9] A|A2F] shis
7} 22 A2 18] 11.9 % H]Fo] P dS $& ¥t
ol HiEEE & F ok FHHoR 062) F7)71FAH=
7]138] v|Fo] 54 %ol wiE 2] & nieta} 2pA| T
2 G Fo15 5399 v]F5o] 224 %= FdlF]
S8 F5E 8 Ut olE 4 7 ALFe] Al Bl
£ Fig. 21914 AAlsA

AN A A 0] AFAAS A8 A 749 ¥F o
Al A8 A E 7H 0625 F7171FA = 9.2 %= ull$-

Table 6 Ratios of power unit / body
Names Years Ratio of power unit / body
London Carriage 1803 1/11.3 8.85%
Cce2 1948 1/1.85 54 %
System Panhard, 1898 1/8.37 11.9%
Model T 1908 1/8.9 11.2%
Golf Mk I 1974 1/11.5 8.7%
EV1 1996 1/9.8 10.2 %
F=015 2015 1/4.45 22.4%
Table 7 Ratios of human space / body
Names Years | Ratio of room space / body
London Carriage 1803 1/12.5 8%
c62 1948 1/10.8 92%
System Panhard, 1898 1/2.6 385%
Ford Model T 1908 /1.5 66 %
VW Golf Mk I 1974 1/1.73 57.8%
GMEV1 1996 123 43.4%
F-015 2015 1/1.97 50.76 %

Fig. 21 Comparison of engine types of 7 vehicles

10 U=SASABEHY =RY A23 A1E, 2024




7| &% A% ol F8 §3 2WeElo] 4y Cael FUE D@

A& u|F S BAlT) T} o] AL 7| BAIE 918 3
Zholml, A2 9 ~ 103 WA 9} o2 AR ZANaA
Yoz 7+ S84 o FolAA Ak SYE Ao
29} F7+ HEAL 58 2 o) Aako] 40 ~ 58 %e)
XS NojF 3 gr),

5.3 20N FSF2|Q 37|

TE54X 2] 27] B-EXE Ho]FE Table 8 9A] U
g AAE 7H c62s F71718Ae} A7) 58 EHE
o2 7iatE TFo155 X}ES AQElH 5~ 8 %S HEE

P
2539l

Table 8 Ratios of drive unit / body

Models Years Ratio of drive unit / body
London Carriage 1803 1/56.6 1.77 %
C62 1948 1/4.84 20.6 %
System Panhard, 1898 1/11.73 8.5%
Ford Model T 1908 1/9.8 10.2 %
Golf Mk I 1974 1/18.63 54 %
EV1 1996 1/43 23%
F-015 2015 1/63 1.6 %

53] 571718 8 AFS F71718E AR

=)
= W& 7 DR fls F7)718e EAd os)
Al el v Fol A WAz # xH=gFate] 2ol 7} 24] @
Ttk e 2 Ay 5 A JA| ¥R
A 8FHA v 53¢ 28 1.58~23 %

|
R

2

7
o] %

lo, > do < do
S o ot
.

o
ro

5.4 | eS| Fr

A F7HH] A A FF7o 2 T2 wE A
2] 3l # o] Table 90|}

z2719] F717]8E THLE ALSI= AFoew ¥
H 7] AAe 52 Aol 621 WLl S E AAe
AA #0]7} 2,300 mm FEHE Hol, [C625 F717]
Ta}e] apA)e] Eo)7} 4 moll o] 2R HolA F7] F
3 2pge] xHA)7E B H o' Fiok= Aol &AE 4 3
Ak =5 i AR 53 x| A = xkA 7T F e
A28 dl2E F3|A A giRite] g9 AF
A4S grsty] s dxloju 53X ¥ HA
38l 91§ 728 2 Yok

o] AL AN T2 FANE FHo Y& A W
o]7]% gt} 18§k 82 A=l g 210] Table 100]ch
FTRHos Pod g 484 48 29 a5
o] 7|73 84F TS A|F|HA A Fol& FF

Table 9 Total analysis of Mobility Body Form factors

Power units | Mocdels | Form factor/human factor analysis
London .
Carriage
Steam
engines
c62
System
Panhard
Gasoline/
. Model
diesel T
engines
Golf
Mk I
EV1
Electric
power
F-015

Table 10 Directions of form factors

Directions of form factor change

Power train Higher density layout preferred
Human space | Space lengths are preferred than space heights
Form factor Minimizing portions of mechanical elements

WA o] Wage] A5E Bel ATAS Fol7] A%
B4 g3 Fuo] T8 & AL B 5 Yk

o)A & 3ol A AR gkd BA ) Tz FEe
o] Fol ATg0] WA 02 FAR Yo = W3}
8 gov], FHN] Wl E BT ST AWA A
FAEL 2 Zo] WS ROiFAL B8 FAT 5
Agieh. AFE Felgolers WA /174 22t
W FAE A FhD & 5 QAT AL
FH AR Azre] PAH 84T TelshA Y

el d & glvh= ekl gl 2= @& (Richard Thaler)
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o] 28 A7) A D}

6. d 8

AF7HA 8] 2L F8) 2o, T8 24571719 2}
A FHE = TP a7 F Frek=s B
A sk S 2 4 Ui

3, T A7) A = Ho) vihake] F2F Rl F
83 50N E 5 Uk

% AnkA Q] FHE] 9] Wl Wako] X7]9] AjFFo] F
)9} FF5AA] Fo] AhdE o 2 wjX g FFo 9
3 742 918k F1te] S Ay Tk E2]A A7) Fol
FAY 24k F22 79 Ao, FE e dxrt
TR o, AR 5o T8 A4 Tl o Tt A
£4o] FXAY AFZe] A7) F18ke B2
W7 Yeha vk A B 5 ok

T & Ao A Y] FHE Ao 2214 A ApR
o3 AAA BHAA FUF A BHAA 2 F3T 6]
9] EA o= HelA A+ FLEr} FHHEA
ggtong B o] dhAlEta & = Qloh weEkbA £
AT 22 LS FF HEAMZ OE, a3y 2
S Alg 9] A 2F UlolA s 2gd FHE o AAA
Wl e EE A4 atFoy BleE]e) sl
A AFA A7 8drhar SHAlh

aRL vl BUET} @43 olF el 1
A& Aol ol olFshE AF 7o s WildHgE
AollA, FPA ol AL F= T AAE 2k A
ToxE g FA T ZRFH o7 o2 AEE vl
2 E] & tARIg ok 3= FA A ERE o]F ook 17
& Aol

7

2023 FoUisti ] X Hhes
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