Rear Underride Prevention

Creating Crash Compatibility:
Rear Guard Standards

Rear Guard Weight
Rear Guard Retrofit

Safety



Rear Guard NRPM 1970 Test Protocol

Collision Safety Constiliing Pl1.C



Collision Safety Constiliing PL1L.C



Rear Guard Performance Standards 1998, 2023
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AMNPRM 1970
Rear Underride

FMVSS 223

Old FMVSS 223

IIHS 2018
Cuasi Static

Rear Guard Standards 1970, 1993, 2022

Location Load (min) Load (min) Depth Depth Energy (min} Energy (min) ~Force (min) ~Avg Force (min)
isee diagram) {kn) {Ib) {mm}) {in) ikJy (ftlb) (N) {Ib)
All Points™® 220000 50000 381 15 42 4 31250 110000 25000
To Outer Edge
Location Load (min) Load (min) Depth Depth Energy (min) Energy (min) Awg Force (min} Avg Force (min)
isee diagram) {kn) {Ib) {mm}) {in) kJy (ftlb) (N) (k)
P1 50.0 11363.6 125.0 49 MNA MA
p2 500 11363.6 125.0 49
Distributed 350.0 795455 125.0 49 20.0 14751.2 160000.0 363636
Location Load (min) Load (min) Depth Depth Energy {(min} Energy (min) Avg Force (min) Awvg Force (min)
(see diagram) (kn) {Ib) {mm) (in) (kJ) (ftlb) (N} (b}
P1 50.0 11363.6 125.0 49 MA MA
P2 50.0 11363.6 125.0 49 MNA MA
P3 100.0 227273 125.0 49 5.7 4167 .2 45200.0 10272.7
Location Load (min) Load (min) Depth Depth Energy (min} Energy (min) Awvg Force (min) Awvg Force (min)
isee diagram) {kn) {Ib) {mm}) {in) ikJy (ftlb) (N) {Ib)
Outside edge 100.0 227273 75.0 3.0 10.0 73756 80000.0 16181.8

Safety




How Strong is Strong Enough?

35 mph Crash Summary

Force = mass x acceleration

F_avg = ma_avg = m(delta-v/delta-t) = m(dv/dt)

Average crash pulse (time) = 0.150s (150) ms

Delta v = 35-0 mph (51.3 ft/sec)

Mass = 3500 lb (108.7 slug) - midsized sedan

Force (avg, Ib) = ma = m(delta-v/delta-t) = 108.7 x (51.3/0.150) = 37,175

Force peak ~=37,175/.707 = 52,581 Ib FMVSS 223 GUARD @ P1: 11,300 Ib

Safety



Rear Guard Weight

Collisior Safety Constuliing Pl.1.C



e Flemance | Aim 2.2: Modify Guards to minimally comply with FMVSS 223 : Wabash

= Elernance | Aim 2.2: Modlfy Guards to minimally comply with FMVSS 223 : Manac

£ Flemance Aim 2.2: Modlfy Guards to minimally comply with FMVSS 223 : Great Dane

®

Collision Safety

Quasi-Static Response
Mass
Wabash ubL ubL
Pllzz;ce Pl‘t::;ce Force Energy (ke)
(kN) (kl)
Baseline 135.8 125.4 394.7 321 54.4
Minimally
Compliant
FMVSS Req. 250 250 2350 220 N/A
Quasi-Static Response
Mass
Wabash uoL ubL
P1F P2F
[k:;ce [k:;ce Force Energy (kg)
(kN) (k1)
Baseline 172.5 83.3 356.2 36.8 84.8
Minimally 157.1 525 351.9 333 75.7
Compliant
FMVSS Req. 250 250 2350 220 N/A
Quasi-Static Response
Mass
‘Wabash upL upL
Pll::;ce Pz(:z;ce Force Energy (kg)
(kN) (k)
Baseline 120.5 149.4 aa1.7 36.6 69.4
Minimally 67.2 77.0 350.4 294 525
Compliant
FMVSS Req. 250 2350 220 N/A

Baseline Weight (Ib)

120 Ib

187 lb / No PCI

153 Ib

_onsulting PL1L.C



e Clernance | Aim 2: Results Table

¥"  PCl Prevented
% PCl Not Prevented
PCl Dynamic Response Quasi-Static Response
Guard Model P1 P2 ubL | upL | Mass
FW 50% 30% Force | Force | Force | Energy (kg)
(kN) (kN) (kN) (kJ)
Baseline v v v 172.5 83.3 356.2 36.8 84.8
% Minimally Compliant
= v v v 157.1 52.5 351.9 333 75.7
S | I Midsi
- Baseline v v * 135.8 125.4 394.7 32.1 54.4
_§ Minimally Compliant v v x 79.6 68.5 350.4 25.6 38.9
= Strengthened- Midsize v v v 295.7 243.8 928.1 68.0 75.8
v Baseline v v x 120.5 149.4 a41.7 36.6 69.4
m
E Minimally Compliant v v x 67.2 77.0 350.4 29.4 52.5
m
@
G} Strengthened— Midsize v v v 192.1 277.3 495.4 428 101.1
FMVSS No. 223 Requirement 250 250 2350 220 N/A

32 Ib Additional / ~13,000 Ib Empty Weight = 0.25%

Safety

35 mph 30% Overlap
Added Weight (Ib)

-20 b/ No PCI

+47 b / No PC]

+70 Ib / No PCI

+32 |b Average
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ama
&= Clemance | Aim 2.5: Re-Test Strengthened Guards in FMVSS 223: Great Dane

Quasi-Static Response
Mass
Wabash ubL upL
Piforce | P2E0rce | e | pnery | (8)
(kN) (k)
Baseline 1205 149.4 441.7 36.6 69.4
Minimally 67.2 770 350.4 29.4 525
Compliant
192.1 2773 495.4 42.8 1011
FMVSS Req. 250 250 2350 220 N/A
FMVSS No. 223 P1 - Great Dane FMVSS No. 223 P2 - Great Dane FMVSS No. 223 UDL - Great Dane
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While safety is paramount, it is also important for fleets to avoid adding weight to
their trailers. Lane notes that with traditional materials, such as conventional steels,
the design Wabash chose would have added a significant amount of weight. But, he

says, Wabash used specialty high-strength steel in their RIG-16 design that actually
reduced the overall trailer weight by more than 100 Ibs.
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RIG Retrofit 39 mph 30% Overlap Test (2012 Chevy Impala)

Bolt on aluminum RIG Retrofit: ~140 lb total
Weld on Steel RIG Reftrofit: 60 Ib total

Safety
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