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1-1. Overview THUMS

Frontal collision Side collision
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1-2. What is THUMS ?

A computer model representing human body

e Use of crash test dummy in vehicle crash tests

* Durable dummy while vulnerable human body

* THUMS to simulate injuries for real-life safety research

THUMS... Total Human Model for Safety

Jointly developed with Toyota Central
Crash Test Dummy THUMS Research and Development, Inc.
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1-3. Evolution of THUMS

. Improvement of biofidelity to better represent human body

N
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Version 1-2 (Bones) Version 3 (+Brain) Version 4 (+Internal Organs)  Version 5-6 (+Muscles)
Injury / Biological Response Ver(szl&r(\”l -2 Ve(gst)l&? 3 Ve(gst)lﬂ)r; 4 Ver(szlglrsi)s -6
Minor Injury Bone Fracture
Brain Injury N Y Y Y
Severe / Fatal Injury
Organ Injury N N Y Y
Biological Response Muscle Effect N N N Y
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1-4. Posture of THUMS

* Six physique occupant and pedestrian models

Large Male Midsize Male Small Female £d4 48 _
(AM95) (AMS50) (AF05) AM95 AM50 AF05 10YO 6YO 3YO
Occupant Pedestrian

10YO 6YO 3YO

THUMS Version 4 Family
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1-5. Development of THUMS

e High resolution CT scan of living human subject

* Finite element (FE) modeling of body parts

* Integration into whole body model (connections, contacts)
* Definition of material property for each body part

Brain 1
Skull 7\ Lung 4 Artery
(& " Heart
Liver
Spleen
4, Large
N Intestine
« Small
aict Intestine
Human Subject CT Scan Image Head FE Model Internal Organ FE Model
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1-6. Validation of Mechanical Response

e Literature survey on impact biomechanics

* Loading tests on post mortem human subject (PMHS)

e Simulations of loading tests using THUMS

e Correlations in mechanical responses (force-deflection)

> |
I /‘\ﬂ"@l: PMHS
, — THUMS

0 20 40 60 80 100
Chest Deflection [mm]

Example: Anterior Thorax Loading Comparison of Force Deflection Curves

Force [kN]

O R N W b
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1-7. Component Validations

* Verification of mechanical response from head to foot

1. Head Validation

(Nahum et al. 1977)

2. Head Validation
(Hardy et al. 2001)

3. Head Validation
(Yoganandan et al. 2004)

4. Head Validation

(Gennarelli et al. 1982)

5. Neck Validation
(Nightingale et al. 1997)

Parieta! . _ Occipital . Angular Y Base(16kg)
et Y ; acceleration -
x . Free fall @ ¢ _Brain Co 3,18In/5 3
-5 g i Q_{: Impact plane
Cylindrical ﬁ Posterior Foss3 I: Pad i ‘ (Angle 15 deg)
l—r\r)\,‘%ﬁ; 5.6 kg Load cell Rotation center < Base
Velgity: 6.3 . . . . . . . . . .
horax Valldatlon 7. Thorax Validation 8. Thorax Validation 9. Abdomen Validation | 10. Abdomen Validation

(Kroell et al. 1974)

=

Cylindrical Impact

(Cesari et al. 1990)

(Shaw etal. 2006)  f @ Y

(Cavanaugh et al. 1986)

Bar Impact

(Foster et al. 2006)

- a0 Cylindrical Impact Impactor Diameter: 25 Belt Loadin
Impactor Diameter: 152 Belt Loading '3 Impactor Diameter: 152 mi mm Width: 50 mm —>
mm . Weight: 22.4 kg a I a Impactor Weight: 23 kg Impactor Weight: 32 kg Velocity: 6.9
Impactor Weight: 23 kg ®__ Velocny 778 Impact Velocity: 2.76 m/s Impact Velocity: 6.1 mjs i mis
tmpactVetotity—7-2 s

11. Waist Validation
(Rupp et al. 2008) 3
L dgeg,_z

o —

PAD J Table

12 Waist Validation
(Guillemot et al. 19i7v)

Impactor
Ball

13. Humerus Validation
(Kemper et al. 2005)

Bar Loading

Device Diameter: 20 mm

Impact Velocity: 10 mn@s
Load ing

Head g

umerus

14. Humerus Validation
(Kemper et al. 2005)C _
ompression: 4 m/s

Circular Impact“
Diameter: 152, lesh

Circular Table
Diameter: 152

Humerug

15. Femur Validation
(Yamada et al. 1970)

Bar Loading

Device Diameter: 20 mm

Impact#elocny 10 mm/s
Impactes Femur

16. Knee Joint Validation
(Kajzer et al. 1997)

Fixed
Fixed &
Impactor Loading i :mpacto
Impactor Diameter: 100 mn
Impactor Mass: 6.25 kg 200 N

Impact Velacity: 40 km/h

17.Knee Joint Validation
(Bose et al. 2004) )

18. Tibia VaIidation
(Schreiber et al. 1997)

Impactor Loading
Impactor Diameter: 25 mm Mass:
9.48 kg

Impact Velocitﬁ' 3:5 { -Ij

19. Ankle Joint Validatio
(Kitagawa et al. 1998)

Impactor | gaq cej #1 W Tension Force (

(18kg)* * Lo
....... i

Sole plaet‘ﬂ
Stopp!

=]
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1-8. Whole body Validations

Verification of mechanical response at whole body level

1. Frontal Impact (Shaw et al. 2009)
PMS/THUMS

Shoulder Belt
oFlat Seat
eSeparate Belt
eKnee/Foot Restrained
*8 PMHSs
Ave: 54yo, 179cm,
75.5kg

Knee Bolster
Foot Rest

2. Lateral Impact (Lessley et al. 2010)

oFlat Seat (Inclination 15 deg)
eFlat Walls with Load Cells
Lower Walls 100 mm Offset
*3 PMHSs
Ave: 64yo, 177cm, 64.0kg

Flat Seat (Rigid)

PMHS/THU

1G

Walls

Foam Pad

3. Rear Impact (White et al. 2009)

*2 PMHSs
#395: 41yo, 180cm, 99kg
#469: 64yo, 176, 82kg

THUMS

4. Pedestrian Impact (4 Cases)
*Vehicle Type: SUV
#Collision Speed: 40 km/h
¢PMHS: Male, 185 cm, 85 kg

SUV (Schroeder et al. 2008)

#Vehicle Type: Sedan
eCollision Speed: 40 km/h
¢PMHS: Male, 183 cm, 114 k

Sedan (Subit et al. 2008)

*Vehicle Type: Mini Van

40 km/h
=

eCollision Speed: 40 km/h
*PMHS: Male, 171 cm, 80 kg

*Vehicle Type: Mini Car
eCollision Speed: 40 km/h
*PMHS: Male, 161 cm, 86 kg

4%m/

Mini Van (Schroeder et al. 2008)

Mini Car (Subit et al. 2008)
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2-1. Application of THUMS

e THUMS is currently used in vehicle safety research and comfort

“

Note: Not Product Vehicle Interior

Research of
Autonomous Vehicle
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2-1. Application of THUMS (Cont.)

Pedestrian (Active bonnet)
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2-2. ENCAP Pedestrlan Testing Protocol

1. Check of Calculation Environment using GV models Technical Bulletin 024

2.  Human Body Model Certification (TBOZ4)

3. Assessment of Deployable System

4. Pedestrian Impact Test

1. Check of Calculation
Environment using GV models

2. Human Body Model
Certification

3. Assessment of 4. Pedestrlan Impact Test
Deployable System
BN
‘>9 > ~7Q
% i}
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2-3. Size and Posture

« THUMSs (6YO/AFO5/AM50/AM95) size and posture were modified for TB024.
* All modified THUMSs meet the certification requirements.

6YO AFO5 AMS50 AM95
@ THUMS 6YO V4 THUMS AFO05 V4.02 THUMS AMS50 v4.02 THUMS AM95 v4.02
[ \ Actual Check Actual Check Actual Actual Check
] Px 0 0K Px 236 O Px 208 Px 333 0K
1 Py 151 [0 Py 132 QK Py 167 Py 263 0K
AC, 640 QK AC 831 QK ' ACz Q30 ACz 1043 0K
i K 90.1 QK K 011 O ﬂi K 006 K 8790 OK
H K Cx L 10 OK L 103.9 oK 1 \ L 1046 L 1022 0K
- N G | 16535 | OK e G 1660 | OK « G 163.0 G 1645 | OK
| H 1784 [0 /\. H 177.0 O il y H 176.0 H 176.1 (08
T 975 QK l J T 960 oK T 970 T 073 OK
| u 69.8 [0 U 70.8 0K &« 19 702 U 12 0K
ACz { i W 140 QK V 139.0 0K v 140.0 v 1408 [0):9
’ W 1649 0K W 164.7 O W 1599 W 164.5 OK
HC: 6 OK HC 27 (o) HCx 44 HCx 16 OK
,|" HC. 1117 [0):8 HC 1473 (o) HCz 1682 HC. 1841 [0)'9
)
- A _ >~ _EA =

Certification (Green/OK means “Certified”)
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2-4. Impact Response

* Forty eight (48) vehicle-to-pedestrian collision simulations were conducted
with the modified THUMSs (6YO, AFO5, AM50, AM95) having their size and
posture changed.

* Body kinematics (Head, T12 and Pelvis) and head impact time were calculated.

4 THUMSs 4&‘ Head (HC)
4 GV Models ' (T S

(RDS, FCR, MPV, SUV) f) J

o i N

) [ A 0
L (4 0—\— ‘ T12 =50

\ \ /;' ,l ?40

elvis (AC) 530

) HIT

520
8
S 10
(&)

0

3 Impact Velocities
(30, 40, 50kph)

0 40 80 120 160
Time [ms]

Kinematics Head Impact Time

a b

Total 48 Cases 6YO  AFO05 AMS50 AM95
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2-5. THUMS TB024 Summary

* Modified THUMS having size and posture changed meet TB024 certification
requirements including impact response of THUMS AM50 and 6YO.
* Impact responses of THUMSs (AF05, AM95) can be simulated to head contact.

Impact Response (30, 40, 50kph)
Size and Posture
kinematics HIT
AMS50 OK OK OK
6YO OK OK OK
AFO5 OK Can be simulated | Can be simulated
AM95 OK Can be simulated | Can be simulated

Certification (Green/OK means “Certified”)
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2-6. THUMS Users

e THUMS is currently used in vehicle safety research by over 100
vehicle manufacturers, suppliers, research institutions, and others.

Europe: Asia: US:
18 Companies 16 Companies 1 Company
27 Institutes 31 Institutes 19 Institutes

Total 112 Users as of April 2019
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3-1. Free Access to THUMS

THUMS models freely available from January 2021.
cars and mobility.

THUMS will help to improve

the safety of

June 16, 2020
Toyota Motor Corporation

Toyota Offers Free Access to THUMS Virtual Human Body
Model Software
Greater use of THUMS for analysis of vehicle colision-retated injuries
10 enhance venicle safety

Toyota City, Japan, June 16, 2020 Toyota Motor Corporation (Toyota) announced today that
it wil make its Total Human Model for Safety (THUMS) software freely avaable from January
2021 as part of its efforts foward a safe mobilty society. THUMS is a viual human body
model software program for computer analys:s of human body injuries caused in vehicle
collisions. Free access to THUMS, and subsequent use by a wider vanety of users, is
‘expected to enhance vehicle safety

Designed 1o ad venicle safefy technologies' fesearch and development, and developed in
cooperaton with Toyota Central R&D Labs, Inc., THUMS was the workd's irst wtual human
body model software when it faunched in 2000, It enabled simulaion and analysis of injuries
caused in vehicle colisions. Since then, and up untl the Iatest Version 6 was released last
year, t has contnually evolved to add a fange of models with diflerent genders, ages and
physiques that inude skeletal structures, brains, infernal organs, and muscles. Compared
10 the physical crash cumies commonly used in venicle collsion tests, THUMS is. atie
analyze collsion elated injuries in more detai, because ft precisely modeds te shapes and
durabilty of human bodies. Conducting Simutations on computers also enabies repeated
analysis of a range of dilerent colision patiems, white it can dramatically feduce
times ang

Evolution of THUMS

Detailed Modeling @
of Human Tissues ’
m Mgwwwwwm
“Versi

Version 2 Version 3 Version 4
THUMS 15 cumently used In vehicle safety research by over 100 vehide manufacurers,

suppliers, universities, research instiluions and ofhers, in Japan and overseas. It is being

ww | Muscle Modeling Interol e & Muscies
jon 1 Version 6
used 1o research and develop many diflerent safety lechnologies, such as seatbelts, airbags,
and vehicle structures at help reduce Injury isks in vehicle collsions with pedesirians
Vehicle safety assessment organizations are also currently considenng the use of THUMS
for virtualtestng in e uture assessment plans.

sctve musdes
Version 5

Making THUMS freely avaiabie is expected not only 1o enable a greater number of peaple to
use it in their vehicle safety research, but 10 5o improve the usabilty of e software, as
users make improvements 1o the model themselves and Share the results with otners.

Sexgo Kuzumaki, Fellow at Advanced R&D and Engineening Company, offered the folowing
comment about free access 1o THUMS

"Since: the very first iaunch of THUMS In 2000, wee been making 0ngoing Improvements
and avidly working 1o betier reproduce the human anatomy and expand the variations of
modeis. I Toyola's effor ety

chnology
techncloges and vehicies. We decided to make the software freely availatie 1o have more
people use L. o futher enhance vehicle safely across the entire automotive industry, and 1o
help reduce trafic injuries and fatabties 10 create a safer society. We 100k forward 10 seeing
It applied broadly In Cevelopment siles and others, envisoning @ MoBily Socely with
automated vehicies and other technologies, moving forvard

Software license saes through JSOL Corporation (Tokyo) and ESI Group (Panis) wil come
o an end duning 2020, with the start of free access 10 THUMS.

23

THUMS Version 4: Models

Models include detabed human anatomy (skeletal siructures, brains, infernal organs, elc ) in
arange of genders, ages, physiques, and postures.

Mote: Versions 4, 5, and 6 wil be made avaable for

o ! !

Y0 60 10v0  ARS

Pedestrian Modeis.

Occupant Modeis.

History of THUMS
Year Progress Detals
1997 | Torota begins deveroping THUMS Sogethes wilh
Toyota Central RAD Labs, Ine
2000_| Verson 1 ileasea Detailed modeing of bones 33060
2005 _| Verson 2 reieased Detailod modeing of faces added
2008_| Verson 3 rleasea Detaied modeing o 1 bran 30080
2010_| Vorson 4 reisssed Detaied modeing of memal organs a9ded
2011 | Avarsty of afferent physigues 39089 10 Versiond | Smallfeme, rge male models 330ed
2015_| Verson s eased Wodeing of a1 body raisces 33dsd
2016 _| Ghild mogels aa0ed o Version & Crik mooes 302 3.6, 0d 10 years 04 adoed

Wodeiing of muscies 309ed 1o modeng of
ror,

Curren reease

Toyota news release: https://global.toyota/en/newsroom/corporate/32665896.html
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Conclusions

1. THUMS was modeled with CT data of living human
subject and has been validated for components and
whole body kinematics.

2. THUMS is currently used in vehicle safety research by
over 100 users. And THUMS pedestrian models meeting
TB024 certification are available.

3. THUMS will be available free access from next year.
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Thank you for
your attention!

THUMS Version 4 Family
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